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EXPRESSION OF EXOGENOUS POLYNUCIEOTIDE 
SEQUENCES IN A VERTEBRATE 

BACKGROmro OP T UB TWVRWTJQN 

The present Invention relates to Introduction of naked 
DNA and RNA sequences into a vertebrate to achieve 
controlled expression of a polypeptide. it is useful in 
gene therapy, vaccination, and any therapeutic situation in 
whiedi a polypeptide should be adainistered to cells in vivo. 

Current researcsh in gene therapy has focused on 
"permanent" cu^s, in vhich xm is integrated into the 
genone of the patient, viral vectors are presently the most 
frequently used means for transforming the patient's cells 
15 and introducing DNA into the genome, in an indirect method, 
viral vectors, carryihg new genetic information, are used to 
infect target cells removed from the body, and these cells 
are then re-implanted. Direct in vivo gene transfer into 
postnatal animals has been reported for formulations of DNA 
20 encapsulated in liposomes and DNA entrapped in 
proteoliposomes containing viral envelope receptor proteins 
(Nicolau et al., Proc. Natl. Aend nnA ^pft 80:1068-1072 
(1983); Kaneda et al., SciCTC^ 243:375-378 (1989); Mannino 
®^ BiatfiSSlmlasisa 6:682-690 (1988). Positive results 

25 have also been described with balcium phosphate co- 
precipitated DNA (Benvenisty and Reshef Proe. wi.i-i . b^.^ 
SSA 83:9551-9555 (1986)). 

The clinical application of gene therapy, as well as 
the utilization of recombinant retrovirus vectors, has been 
30 delayed because of safety considerations. Integration of 
exogenous SNA into the genome of a cell can cause DNA 
damage and possible genetic changes in the recipient cell 
that could predispose to malignancy, a method which avoids 
these potential problems would be of significant benefit in 
35 making gene therapy safe and effective. 

Vaccination with immunogenic proteins has eliminated 
or reduced the incidence of many diseases; however there 
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are aajor difficulties in using proteins associated with 
other pathogens and disease states as iaaunogens. Many 
protein antigens are not intrinsically iaarunogenic. 



More 



often, they are not effective as vaccines because of the 
manner in which the iamune system operates. 

The immune system of vertebrates consists of several 
interacting components. The best characterized and most 
important parts are the humoral and cellular (cytolytic) 
branches. Humoral immunity involves antibodies, proteins 
^ich are secreted into tite body fluids and lAith directly 
recognize an antigen. The cellular system, in contrast 
relies on special cells which recognize and kill other 
cells Which are producing foreign antigens. This basic 
functional division reflects two different strategies of 
15 immune defense. Humoral immunity is mainly directed at 
antigens irtiich are exogenous to the animal whereas the 
cellular system responds to antigens which are actively 
synthesized within the animal. 

Antibody molecules, the effectors of humoral Immunity 
20 are secreted by special B lymphoid cells, B cells, ii 
response to antigen. Antibodies can bind to and inactivate 
antigen directly (neutralizing antibodies) or activate other 
cells of the immune system to destroy the antigen. 

Cellular immune recognition is mediated by a special 
25 class of lymphoid cells, the cytotoxic T cells. These 
cells do not recognize whole antigens but instead they 
respond to degraded peptide fragments thereof whidh appear 
on the surface of the target cell bound to proteins called 
class I major histocompatibility complex (MHC) molecules. 
Essentially all nucleated cells have class 1 molecules, it 
is believed that proteins produced within the cell are 
continually degraded to peptides as part of normal cellular 
metabolism. These fragments are bound to the MHC molecules 
and are transported to the cell surface. Thus the cellular 
imaune system is constantly monitoring the spectra of 
proteins produced in all cells in the body and is poised to 
eliminate any cells producing foreign antigens. 
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Vaccinfition is the process of preparing an animal to 
respond to an antigen. Vaccination is more complex than 
immune recognition and involves not only b cells and 
cytotoxic T cells but other types of lya^dioid cells as 
well. During vaccination, cells vhich recognize the 
antigen (B cells or cytotoxic T cells) are clonally 
expanded. In addition, the population of ancillary cells 
(helper T cells) specific for the antigen also increase. 
Vaccination also involves specialized antigen presenting 
cells which can process the antigen and display it in a 
form which can stimulate one of the two pathways. 

vaccination has changed little since the time of Louis 
Pasteur. A foreign antigen is introduced into an animal 
where it activates specific B cells by binding to surface 
immunoglobulins. It is also taken up by antigen processing 
cells, wherein it is degraded, and appears in fragments on 
the surface of these cells bound to Class II mhc molecules. 
Peptides bound to class II molecules are capable of 
stimulating the helper class of T cells. Both helper T 
cells and activated B cells are required to produce active 
humoral immunisation. Cellular immunity is thought to be 
stimulated by a similar but poorly understood mechanism. 

Thus two different and distinct pathways of antigen 
processing produce exogenoius antigens bound to class II mhc 
molecules yhere they can stimulate T helper cells, as well 
as endogenous proteins degraded and bound to class I MHC 
molecules and recognized by the cytotoxic class of T cells. 

There is little or no difference in the distribution 
30 of MHC molecules. Essentially all nucleated cells express 
class I molecules idiereas class ii mhc proteins are 
restricted to some few types of lymphoid cells. 

Normal vaccination schemes will always produce a 
humoral immune response. They may also provide cytotoxic 
35 immunity. The humoral system protects a vaccinated 
individual from subsequent bhallenge from a pathogen and 
can prevent the spread of an intracellular infection if the 
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pathogen goes through an axtracellular phass during its 
life cycle; however, it can do relatively little to 
eliminate Intracellular pathogens. Cytotoxic iamunity 
complements the humoral system by eliminating the infected 
cells. Thus effective vaccination should activate both 
types of immunity. 

A cytotoxic T cell response is necessary to remove 
intracellular pathogens such as viruses as well as 
aalignant cells. it has proven difficult to present an 
exogenously administered anti^^en in adequate concentrations 
in conjunction with Class I molecules to assure an adequate 
response. This has severely hindered the development of 
vaccines against tumor-specific antigens (e.g., on breast or 
colon cancer cells), and against weakly immunogenic viral 
proteins (e.g., HIV, Herpes, non-A, non-B hepatitis, CMV and 
EBV). 

It would be desirable to provide a cellular immune 
response alone in immunizing against agents such as viruses 
for Which antibodies have been shown to enhance 
infectivity. it would also be useftil to provide such a 
response against both cihronic and latent viral infections 
and against malignant cells. 

The use of synthetic peptide vaccines does not solve 
these problems because either the peptides do not readily 
associate with histocompatibility molecules, have a short 
serum half-life, are rapidly proteolyzed, or do not 
specifically localize to antigen-presenting monocqrtes and 
macrophages. At best, all exogenously administered 
antigens must conipete with the universe of self-proteins 
for bindihg to antigen-presenting oaerophages. 

Major efforts have been mounted to elicit immune 
responses to poorly immunogenic viral proteinff from the 
herpes viruses, non-A, non-B hepatitis, HIV, and the IDce. 
These pathogens are difficult and hazardous to propagate in 
35 vitro. As mentioned above, synthetic peptide vaccines 
corresponding to viral-encoded proteins have been made, but 
have severe pitfalls. Attempts have also been made to use 
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25 



vaccinia virus vactor. to prot.i». *ro» other 

vlru«.. However. tJ» ramat. l»va been disappointing, 
(a) raoo.l,i„ant vaccinia vlru... „y 

s tir,?*"" *»•• "i^-^'tlon tn already i^nl 

5 individual., ^ ,b, the ad«lnl.tr.tio„ „, cojex viral 
antigen, .ay i»luc a pJunomanon taown «. -antigenic 
««p.tition.- in «hlch wakly l««no,enlc portion, ot the 
viru. fail to .licit «. reapon.. t»cau.e they are 

,« ^ »">•' -or. potMt region, of the 

10 adnlnlstared antigen. 

toother Mjor probloi with proUln or peptide vaccine, 
i.^ anaphylactic reaction *ioh cm occur «hen Injection, of 
antigen are rep«it«d in effort, to produce a pot«,t i»™„e 
reeponse. m thl. phenomenon, IgB «itibodie. foraed in 
IS re^onse to th. antigen cauae .»,ere and .o-eti-e. fatal 
allergic reaction.. 

Accordingly, there i. a aeed for a .ethod for invoking 
• safe and effective Innune response to thl. type of 
protein or polypeptlda. Moreover, there i. , great need 
20 a -ethcd that vUl ...oclate theae art:ig«„ vith Cl«,s 

I histocon^tlbUity antigen, on the cell surface to elicit 
. cytotoxic T cell response, avoid - anaphylaxU and 
proteolysis of the Mt«:lal In the seru., and facilitate 
localization of th. «at«rial to «mocyt«i .nd .acrophage.. 

A large nunber of disease state, can benefit fro» the 
~J-lni.tr.tloa of therapeutic peptide.. such peptide, 
in^ude lyxphokine., sUch as interleukln-a, tn«ar necrosis 
factor, and the interferons, growth factors, such a. nerve 
growth factor. epidei»a growth factor, and hu«« growth 
30 homone, tl..ue pla«inogen activator, factor vm.c, 
granulocyte-nacrophag. colony-.tl.niatlng factor, 
«ythropoletln, insulin, calcitonin, thymidine kinase, and 
the like. iioreo»«r, selective delivery ot toxic peptides 
« ' or cobra v«.o. factor) to 

35 diseased or neoplastic call, can have „Jor therapeuUc 
benaflt.. Current peptide delivery .yste»s suffer fro. 
significant proble.s. including the inability to 
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effectively incorporate functional call surfaca receptors 
onto cell meaibranes, and the necessity of systenically 
administering large quantities of the peptide (with 
resultant undesirable systemic side effects) in order to 
5 deliver a therapeutic amount of the peptide into or onto 
the target cell. 

These above-described problems associated with gene 
therapy, immunisation, and delivery of therapeutic peptides 
to dells are addressed by the present invention. 

3^0 DESCRIPTIQN OP m. nPHljrTffffff 

Figure 1 comprises autoradiograms of cihromatographic 
studies showing the expression of the CAT gene in mouse 
muscle. 

Figure 2 comprises photomicrographs of muscle tissue 
15 stftined for beta-galactosidase activity following injection 
with the pSSVLac-Z DNA vector. 

Figure 3 presents data for lucif erase activity in muscle 
following the injection of ^gLucBgAa into muscle. 
Figure 4 presents an autoradiogram of a Southern blot after 
20 analysis of extracts from pRSVL-inj acted muscle. 

Figure 5 comprises graphs showing antibody production in 
mice following the injection of a gene for an immunogenic 
peptide. 

Figure 6 comprises graphs showing antibody production in 
25 mice following the injection of mouse cells transfected 
with a gene for an imiaunogenic peptide. 

SUMMARY Oy mg TMVBMTT^iy 

The present invention provides a method for delivering 
a pharmaceutical or Immunogenic polypeptide to the interior 

30 of a cell of a vertebrate la vivo, comprising the step of 
introducing a preparation caqprising a i»harmaceutically 
acceptable injectable carrier and a nalced polynucleotide 
operatively coding for the polypeptide into the interstitial 
space of a tissue comprising the cell, whereby the nalced 

35 polynucleotide is taken up into the interior of the cell and 
has an immunogenic or pharmacological effect on the 
vertebrate. Also provided is a method for introducing a 
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polynucleotide Into »uscl« cell. In vivo, comprising the 
steps Of providing a composition comprising a naked 
polynucleotide in a pharaaceutically acceptable carrier, and 
contacting the coapositlon with nusde tissue of a 
5 vertebrate la vivo, idiereby the polynucleotide is introduced 
Into Buscle cells of the tissue. She polynucleotide nay be 
an antisense polynucleotide. Alternatively, the 
polynucleotide may code for a therapeutic peptide that is 
expressed by the auscle cells after the contacting step to 
provide therapy to the vertebrate. Similarly, it nay code 
for an Imminpgenic peptide that is escpressed by the muscle 
cells after the contacting step and which generates an 
immune response, thereby ixmimizing the vertebrate. 

One particularly attractive aspect of the invention is 
15 a method for obtaining long term administration of a 
polypeptide to a vertebrate, comprising the step of 
Introducing a naked DKA sequence operatively coding for the 
polypeptide interstitially into tissue of the vertebrate, 
whereby cells of the tissue produce the polypeptide for at 
20 least one month or at least 3 months, more preferably at 
least 6 months. m this embodiment of the invention, the 
cells producing the polypeptide are nonproliferating cells, 
such as muscle cells. ' 
Another method according to the invention is a method 
25 for obtaining transitory esepression of a polypeptide in a 
vertebrate, comprising the step of Introducing a naked mRNA 
sequence operatively coding for the polypeptide 
Interstitially into tissue of the vertebrate, whereby cells 
of the tissue produce the polypeptide for less than about 
30 20 days, usually less than about lo days, and often less 
than 3 or 5 days. Por many of the methods of the 
Invention, administration into solid tissue is preferred. 

One Important aspect of the Invention is a method for 
treatment of muscular dystrophy, comprising the steps of 
35 introducing a therapeutic amount of a composition 
comprising a polynucleotide operatively coding for 
dystrophin in a pharmaceutically acceptable Injectable 
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carrler m vivo Into »uscl« tissu* of an animal suffering 
from muscular dystrophy, lAereby the polynucleotide is 
taken up Into the cells and dystrophin is produced m vivo. 
Preferably, the polynucleotide Is a naked polynucleotide 
and the composition is Introduced interstltlally into the 
muscle tissue. 

The present Invention also includes pharmaceutical 
products for all of the uses contemplated in the methods 
described herein. Por example, there Is a pharmaceutical 
product, comprising naked polynucleotide, operatively 
coding tot a biologically active polypeptide, in 
physiologically acceptable admlnistrable form, in a 
container, and a notice associated with the container in 
form prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharinaceutlcals, whicih notice 
is reflective of approval by the agency of the form of the 
polynucleotide for human or veterinary administration, 
such notice, for example, may be the labeling approved by 
the U.S. Pood and Drug Administration for prescription 
20 drugs, or the approved product Insert. 

In another embodiment, the Invention provides a 
pharmaceutical product, comprising naked polynucleotide, 
operatively coding for a biologically active peptide, in 
solution in a physiologically acceptable injectable carrier 
and suitable for introduction interstltlally into a tissue 
to cause cells of the tissue to express the polypeptide, a 
container enclosing the solution, and a notice associated 
with the container in form prescribed by a governmental 
agency regulating the manufacture, use, or sale of 
pharmaceuticals, irtiitA notice Is reflective of approval by 
the agency of manufacture, use, or sale of the solution of 
polynucleotide for human or veterinary administration. The 
peptide may be immunogenic and administration of the 
solution to a human may serve to vaccinate the human, or an 
35 animal. similarly, the peptide may be therapeutic and 
administration of the solution to a vertebrate In need of 
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therapy reliting to the polypeptide will have a therapeutic 
effect. 

Also provided by the present Invention is a 
pharmaceutical product, comprising naked antisense 
5 polynucleotide, in solution in a physiologically acceptable 
injectable carrier and suitable for introduction 
interstitially into a tissue to cause cells of the tissue 
to take up the polynucleotide and provide a therapeutic 
effect, a container enclosing the solution, and a notice 

10 associated with the container in fona prescribed by a 
governmental agency regulating the manufacture, use, or 
sale of pharmaceuticals, idiich notice is reflectivi of 
approval by the agency of manufacture, use, or sale of the 
solution of polynucleotide for human or veterinary 

15 administration. 

one particularly important aspect of the invention 
relates to a pharmaceutical product for treatment of 
Buscular dystrophy, comprising a sterile, pharmaceutically 
acceptable carrier, a pharmaceutically effective amount of 

20 a nak^d polynucleotide operatively coding for dystrophin in 
the carrier, and a container enclosing the carrier and the 
polynucleotide in sterile fashion. 
Preferably, the polynucleotide is ISNA. 

From yet another perspective, the invention includes a 

25 pharmaceutical product for use in supplying a biologically 
active polypeptide to a vertebrate, comprising a 
pharmaceutically effective amount of a naked polynucleotide 
operatively coding for the polypeptide, a container 
enclosing the carrier and the polynucleotide in a sterile 

30 fashion, and means associated with the container for 
permitting transfer of the polynucleotide from the 
container to the interstitial space of a tissue, whereby 
cells Of the tissue can take up and express the 
polynucleotide. The means for permitting sueh transfer can 

35 include a conventional septum that can be penetrated, e.g., 
by a needle. Alternatively, when the container is a 
syringe, the means may be considered to comprise the 
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plunger of the syringe or a needle attached to the syringe. 
Containers used in the present invention wUl usually have 
at least l, preferably at least 5 or lo, and more 
preferably at least 50 or 100 aicrograms of polynucleotide, 
5 to provide one or sore unit dosages. Por many 
applications, the container will have at least 50o 
laicrograBs or 1 nilligraa, and often will contain at least 
50 or 100 milligrams of polynucleotide. 

Another aspect of the invention provides a 
10 pharmaceutical product for use in iaisunizing a vertebrate, 
comprising a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for an immunogenic 
polypeptide, a sealed container enclosing the 
polynucleotide in a sterile fashion, and means associated 
15 with the container for permitting transfer of the 
polynucleotide from the container to the interstitial space 
of a tissue, idiereby cells of the tissue can take up and 
express the polynucleotide. 

Still another aspect of the present invention is the 
20 use of naked polynucleotide operatively coding for a 
physiologically active polypeptide in the preparation of a 
pharmaceutical for introduction interstitially into tissue 
to cause cells comprising the tissue to produce the 
polypeptide. The pharmaceutical, for example, may be for 
25 introduction into muscle tissue whereby muscle cells 
produce the polypeptide. Also conteaqplated is sudh use, 
wherein the peptide is dystrophin and the pharmaceutical is 
for treatment of muscular dystrophy. 

Another use according to the invention is use of naked 
30 antisense polynucleotide in the preparation of a 
pharmaceutical for introduction interstitially into tissue 
of a vertebrate to inhibit translation of polynucleotide in 
cells of the vertebrate. 

The tissue into which the polynucleotide is introduced 
can be a persistent, non-dividing ceU. The polynucleotide 
nay be either a DNA or BNA sequence. imen the 
polynucleotide is DNA, it can also be a DKA sequence which 
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ls itself non-replicating, but is inserted into a plasnid, 
and the plasmid further coaiprises a replicator. The DNA nay 
be a sequence engineered so as not to Integrate into the 
host cell genoae. The polynucleotide sequences aay code for 
5 a polypeptide which ii either contained within the cells or 
secreted therefroa, or nay comprise a sequence which directs 
the secretion of the peptide. 

The DKA sequence aay also include a promoter sequence. 
In one preferred embodiment, the DKA sequence includes a 
cell-specific promoter that permits substantial 
transcription of the DKA only in predetermined cells. The 
DNA may also code for a polymerase for transcribing the 
DNA, and nay comprise recognition sites for the polymerase 
and the injectable preparation nay include an initial 
15 quantity of the polymerase. 

In many instances, it is preferred that the 
..polynucleotide is translated for a limited period of time 
so that the polypeptide delivery is transitory. The 
polypeptide nay advantageously be a therapeutic 
20 polypeptide, and may comprise an enzyme, a hormone, a 
lymphokine, a receptor, particularly a cell surface 
receptor, a regulatory protein, such as a growth factor or 
other regulatory agent, or any other protein or peptide 
that one desires to deliver to a cell in a living 
vertebrate and for which corresponding DNA or mRNA can be 
obtained. 

In preferred embodiments, the polynucleotide is 
introduced into nusele tissue; in other embodinents the 
polynucleotide is incorporated into tissuess of skin, 
brain, lung, liver, spleen or blood. The preparation is 
injected into the vertebrate by a variety of routes, which 
aay be intrademally, subdemally, intrathecally, or 
intravenously, or it may be placed within cavities of the 
body* In a preferred embodiment, the polynucleotide is 
injected intramuscularly. In still other einbodiments, the 
preparation comprising the polynucleotide is impressed into 
the skin. Transdermal administration is also contemplated. 
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as is inhalation. 

In ona preferred eabodiaent, the polynucleotide is DNA 
coding for both a polypeptide and a polymerase for 
transcribing the doi, and the includes recognition 

5 sites for the polyaerase and the injectable preparation 
further includes a aeans for providing an initial quantity 
of the polyaerase in the cell. The initial quantity of 
polymerase may be physically present together with the una. 
Alternatively, it may be provided by including arna coding 
10 therefor, lAiich ttRKA is translated by the cell. m this 
enbodiment of ^e invention, the UNA is preferably a 
plasmid. Preferably, the polyaerase is phage T7 polymerase 
and the recognition site is a T7 origin of replication 
seqpienee. - 

15 In accordance with mother aspect of the invention, 

there is provided a aethod for treating a disease 
associated with the deficiency or absence of a specific 
polypeptide in a vertebrate, comprising the steps of 
obtaining an injectable preparation comprising a 
pharmaceutically acceptable injectable carrier containing a 
naked polynucleotide coding for the specific polypeptide; 
introducing the injectable preparation into a vertebrate 
and permitting the pplynucleotide to be incorporated into a 
cell, wherein the polypeptide is formed as the translation 
product of the polynucleotide, and %diereby the deficiency 
or absence of the polypeptide is compensated for. In 
preferred embodiments, the preparation is introduced into 
muscle tissue and the method is applied repetitively. The 
method is advantageously applied where the deficiency or 
30 absence is due to a genetic defect. The polynucleotide is 
preferably a non-replicating DKA sequence; the DNA sequence 
»ay also be incorporated into a plasmid vector ^ibh 
comprises an origin of replication. 

In one of the preferred embodiments, the 
35 polynucleotide codes for a non-secreted polypeptide, and 
the polypeptide remains in »itu. According to this 
embodiment, when the polynucleotide codes for the 
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Polypeptlde dystrophin, the »ethod provides a therapy for 
Duehem^e's syndro»e, alternatively, ^en the polynucleotide 
codes for the polypeptide i»henylalanine hydroxylase, the 
»ethod coBprises a therapy for phenylketonuria. i„ another 
5 preferred embodiment of the method, the polynucleotide codes 
for a polypeptide which 1. secreted by the cell and released 
Into the circulation of the vertebrate^ in a particularly 
preferred eabodiment the polynucleotide codes for human 
growth hormone. 

10 In yet another embodiment of the method, there is 

provided a therapy for hypercholesterolemia wherein a 
polynucleotide coding for a receptor associated with 
cholesterol homeostasis is introduced into a liver cell 
and the receptor is expressed by the cell. ' 
15 in accordance with another aspect of the present 

invention, there is provided a method for immunizing a 
vertebrate, comprising the steps of obtaining a preparation 
comprising an expressible polynucleotide coding for an 
immunogenic translation product, and introducing the 
20 preparation into a vertebrate herein the translation 
product Of the polynucleotide is formed by a cell of the 
vertebrate, which elicits an immune response against the 
iamunogen. m one embodiment of the method, the injectable 
preparation comprises a pharmaceutically acceptable carrier 
25 containing an expressible polynucleotide coding for an 
immunogenic peptide, and on the introduction of the 
preparation into the vertebrate, the polynucleotide is 
incorporated into a cell of th* vertebrate wherein an 
^ immunogenic translation product of the polynucleotide is 
30 formed, whith elicits an immune response against the 
unDunogexie 

In an alternative embodiment, the preparation 
comprises one or more cells bbtained from the vertebrate 
and transfected l„ vitro with the polynucleotide, whereby 
35 the polynucleotide is incorporated into said cells, where 
an immunogenic translation product of the polynucleotide is 
formed, and whereby on the introduction of the preparation 
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into the vertebrate, an iamane response against the 
Imaunogen is elicited. In any of the eaibodittents of the 
invention, the inmunogenic product aay be secreted by the 
cells, or it Bay be presented by a cell of the vertebrate 
5 in the context of the Major histocompatibility antigens, 
thereby eliciting an iasune response against the iamunogen! 
The aiethod aay be practiced using non-dividing, 
differentiated cells tram the vertebrates, ifliicsh cells nay 
be lynphocytes, obtained from a blood sample; 
10 alternatively, it aay be practiced using partially 
differentiated skin fibroblasts ^ch are capable of 
dividing. m a preferred embodiaent, the aethod is 
practiced by incorporating the polynucleotide coding for an 
inmunogenic translation product into auscle tissue. 
15 The polynucleotide used for ianunization is preferably 

an aSNA sequence, although a non-replicating DNA sequence 
aay be used. The polynucleotide aay be introduced into 
tissues of the body using the Injectable carrier alone; 
liposomal preparations ^re preferred for methods in which 
20 in vitro transf actions of cells obtained from the 
vertebrate are carried out. 

The carrier preferably is isotonic, hypotonic, or 
weaUy hypertonic, and has a relatively low ionic strength, 
such as provided by a sucrose solution. The preparation 
25 may further advantageously comprise a source of a cytolcine 
which is incorporated into liposomes in the form of a 
polypeptide or as a polynucleotide. 

The aethod aay be used to selectively elicit a humoral 
imiaune response, a cellular iaauhe response, or a mixture of 
30 these. in embodiaents irtierein the cell eicpresses aajor 
histocompatibility complex of Class I, and the immunogenic 
peptide is presented in the context of the Class I complex, 
the immune response is cellular and comprises the production 
of cytotoxic T-cells. 

In one such eatbodiment, the immunogenic peptide is 
associated with a virus, is presented in the context of 
Class I antigens, and stimulates cytotoxic T-cells which 
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are capable* of destroying cells Infected with the vims, a 
cytotoxic T-cell response pay also be produced according 
the method Where the polynucleotide codes for a truncated 
viral antigen lacking huaoral epitopes. 
5 In another of these etibodiaents, the immunogenic 

peptide is associated with a tumor, is presented in the 
context of class I antigens, and stimulates cytotoxic T 
cells ^ich are capable of destroying tumor cells, in yet 
another embodiment wherein the injectable preparation 
10 comprises cells taken from the animal and transf acted m 
vitro, the cells expressing major histocompatibility 
antigen of class I and class II, and the immune response is 
both humoral and cellular and comprises the production of 
both antibody and cytotoxic T-cells. 
15 In another embodiment, there is provided a method of 

immunizing a vertebrate, coniprising the steps of obtaining 
a positively charged liposome containing an expressible 
polynucleotide coding for an immunogenic peptide, and 
introducing the liposome into a vertebrate, whereby the 
liposome is incorporated into a monocyte, a macrophage, or 
another cell, ^ere an immunogenic translation product of 
the polynucleotide is formed, and the product is processed 
and presented by the cell in the context of the major 
histocompatibility complex, thereby eliciting an immune 
response against the immunogen. Again, the polynucleotide 
is preferably mRMA, although DKA may also be used. And as 
before, the method may be practiced without the liposome, 
utilizing just the polynucleotide in an injectable carrier. 
The present invention also encompasses the use of DKA 
30 coding far a polypeptide and for a polymerase for 
transcribing the DHA, and wherein the DNA includes 
recognition sites for the polymerase, abe initial quantity 
of polymerase is provided by including mRNA coding therefor 
in the preparation, which mRNA is translated by the cell. 
The mRNA preferably is provided with means for retarding 
its degradation in the cell. !rhis can include capping the 
fflRNA, circularising the mRNA, or chemically blocking the 5' 
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•nd of the ARiiA. Th« UNA used In tb« Invention aay be in 
the f ozn of linear DKA or aay be a plasmid. Episonal dna 
is also contemplated. One preferred polyaerase is phage T7 
WiA polynerase and a preferred recognition site is a T7 RMA 
5 polymerase pronoter. 

DETAILED PBSeatTPTTOW OF TOB TWVP ;i|TTOTy 

The practice of tha present invention requires 
obtaining na3ced polynucleotide operatively coding for a 
polypeptide for incorporation into vertebrate cells. a 
10 polynucleotide operatively codes for « polypeptide when it 
has ail the genetic infomation necessary for expression by 
a target cell, such as promoters and the like. These 
polynucleotides can be administered to the vertebrate by 
any method that delivers injectable materials to cells of 
15 the vertebrate, such as by injection into the interstitial 
space of tissues such as muscles or skin, introduction into 
the circi£lation or into body cavities or by inhalation or 
insufflation. A naked polynucleotide is injected or 
otherwise delivered to the animal with a pharmaceutically 
acceptable liquid carrier. For all applications, the 
liquid carrier is aqueous or partly aqueous, comprising 
sterile, pyrogen-free water. The pH of the preparation is 
suitably adjusted and buffered. 

In the embodiments of the invention that require use 
of liposomes, for example, when the polynucleotide is to be 
associated with a liposome, it requires a material for 
forming liposomes, preferably cationic or positively 
charged liposomes, and requires that liposomal preparations 
be made from these materials. With the liposomal material 
in hand, the polynucleotide may advantageously be used to 
transfect cells ia vitro for use as immunising agents, or 
to administer polynucleotides into bodily sites where 
liposomes may be taken up by phagocytic cells. 
Pplvnucleotide Ma<;et.4«1« 

The naked polynucleotide materials used according to 
the methods of the invention comprise DNA and RNA sequences 
or DRA and SNA sequences coding for polypeptides that have 
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usefttl therapeutic application.. These polynucleotide 
sequences are aalsfill In the sense that they are free from 
any delivery vehicle that can act to facilitate entry into 
the cell, for exanple, the polynucleotide sequences are 
5 free of viral sequences, particularly any viral particles 
which Bay carry genetic inf omatlon. ihey are similarly 
free from, or naked with respect to, any material irtiich 
promotM transf action, such as liposojoal formulations, 
charged lipids such as Lipofectin" or precipitating agents 
10 such as CaP04. 

The sequences used in these methods can be those 
sequences %diich do not integrate into the genome of the 
host cell. These may be non-replicating mih sequences, or 
specific replicating sequences genetically engineered to 

15 lack the genome-integration ability. 

The polynucleotide sequences of the invention are dka 
or KNA sequences having a therapeutic effect after being 
taken up by a cell. Examples of polynucleotides that are 
themselves therapeutic are anti-sense and rka, dka 

20 coding for an anti-sense RMJi; or DHA coding for tRNA or 
rRNA to replace defective or deficient endogenous 
moleculss. The polynucleotides of the invention can also 
code for therapeutic polypeptides. a polypeptide is 
understood to be any translation product of a 

25 polynucleotide regardless of size, and whether glycosylated 
or not. Therapeutic polypeptides include as a primary 
example, those polypeptides that can compensate for 
defective or deficient species in an animal, or those that 
act through toxic effects to limit or remove harmful cells 

30 from the body. 

Therapeutic polynucleotides provided by the invention 
can also code for immunity-conferring polypeptides, which 
can act as endogenous immunogens to provoke a humoral or 
cellular response, or both. The polynucleotides employed 
35 according to the present invention can also code for an 
antibody, in this regard, the term •antibody- encompasses 
whole immunoglobulin of any class, dhimeric antibodies and 
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hybrid antibodies with dual or Multiple antigen or epitope 
specificities/ and fragments, subh as F(ab)2, Fab', Fab and 
the like; including hybrid fragaents. Also Included within 
the aeaning of "antibody" are conjugates of such fragments, 
5 and so-called antigen binding proteins (single chain 
antibodies) as described, for eaeaB^le, in U.S. Patent Ho. 
4,704,692, the contents of which are hereby incorporated by 
reference. 

Thus, an isolated polynucleotide coding for variable 

10 regions of an antibody can be introduced, in accordance 
with the present Invention, to enable the treated subject 
to produce antibody in mltu. For illustrative methodology 
relating to obtaining antibody -encoding polynucleotides, 
wee Ward et al. fiataa/ 341:544-546 (1989); Gillies et al.[ 

15 Bi9t?ghnQl. 7:799-804 (1989); and Nalcatani et al., lo'c, 
elt., 805-810 (1989). The antibody in turn would exert a 
therapeutic effect, for Ixaa^ile, by binding a surface 
antigen associated with a pathogen. Alternatively, the 
encoded antibodies can be anti-idiotypic antibodies 

20 (antibodies that bind other antibodies) as described, for 
exaa^le, in U.S. Patent No. 4,699,880. Sudh anti-idiotypic 
antibodies could bind endogenous or foreign antibodies in a 
treated individual, thereby to ameliorate or prevent 
pathological conditions associated with an immune response, 

25 e.g., in the context of an autoimmune disease. 

Polynucleotide sequences of the invention preferably 
code for tiierapeutic or immunogenic polypeptides, and these 
sequences may be used in association with other 
polynucleotide sequences coding for regulatory proteins 

30 that control the expression of these polypeptides. The 
regulatory protein can act by binding to genomic DKA so as 
to regulate its transcription; alternatively, it can act by 
binding to messenger BMA to increase or decrease its 
stability or translation efficiency. 

'^e polynucleotide material delivered to the 
cells ia vivo can take any number of forms, and the present 
Invention is not limited to any particular polynucleotide 
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coding for any particular polypeptide or group of 
polypeptides, it aay contain only a fragment of a gene or 

"^""'^^^ polypeptide «.q«ences, and'^y 
additionally contain recognition and promoter aequences. 
5 Plasaids containing gene, coding for a large nuaber of 
physiologically active peptide, and antigens or ia«unogens 
have l^en reported in the literature and can be readily 
obtained by those of skill in the art. 

^±J^^\^^ polynucleotide Is to be im, promoters 
suitable for use in various vertabrate systems are well 
taown. For example, for use in murine systems, suitable 
strong promoters include RSV MR, mpsv lir, sV40 IEP, and 
metallothionein promoter. In humans, on the other hand 
promoters such as CMV IEP may advantageously be used. KLl 
forms Of DNA, lAether replicating or uon-replicating, which 
do not become integrated into the gencnoe, and whith are 
I^«tl^^*' "^^^ oontempiated by the 

With the availability of automated nucleic acid 
synthesis equipment, both DKA and woi can be synthesized 
directly when the nucleotide sequence is known or by a 
combination of PCR clonihg and fermentation. Moreover, 

T ^^"^^""^ ^^^^ polypeptide is known, a 

suitable coding sequence for the poly^xcleotide can be 
25 inferred • 

When th. polynuclMtlde 1. it ^ ^ 

prepawa tro» th. correiipondin, om i. F„ «ca»pl.. 

con««.tlonrt t«*nl,»e. utUiz. ph.,. s«K pol,««.ses SP6, 
93. or T7 to p«p.r. ma fna m t«i»l.t» i» th. 
30 pr...«:, „, th. todlvidul ril,onucl«„id, trlphoM»1».. 
»n appropriat. phag. proKrtw-, ««* a. , T7 orloln of 
r.plieatlo» .It. i. pi.c«i i„ th. t«plat. ma l««di.t.iy 
«p.t««. „t th. ,«« to b. t«a.crlb.*. 8yst«» «tllUi„, 
n jn thi. .anner ar. wm known, ar. d..crib«l in th. 

",*"*""• ^» fcotoool. to Molecular 

Biology, |3.8 (Vol.1 1988). 
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One particularly preferred Mthod tor dbtaining the 
ii«NA used in the present invention is set forth in Exaaples 
2-5. In general, however, it should be apparent that the 
pXGB plasnid or any similar plasaid that can be readily 
5 constructed by those of ordinary sJcUl in the art can be 
used with a virtually unliaited number of cDNAs in 
practicing the present invention. Such plasaids nay 
advantageously comprise a promoter for a desired rna 
polymerase, followed by a 5* untranslated region, a 3' 
10 untranslated region, and a template for a poly a tract. 
There should be a unique restriction site between these 5' 
and 3' regions to facUitate the insertion of any desired 
cDNA into the plasmid. Then, after cloning the plasmid 
containing the desired gene, the plasmid is linearized by 
15 cutting in the polyadenyiation region and is transcribed in 
vitro to form mRKA transcripts. These transcripts are 
preferably provided with a 5' cap, as demonstrated in 
Example 5. Alternatively, a 5' untranslated sequence such 
as EHC can be used which does not require a 5' cap. 

While the foregoing represents a preferred method for 
preparing the mwiA, it will be apparent to those of skill in 
the art that many alternative methods also exist. Por 
exaaiple, the tiRKA can be prepared in commercially-available 
nucleotide synthesis apparatus. Alternatively, brna in 
circular form can be prepared. Exonudease-resistant SNAs 
such as circular mRNA, chemically blocked mRNA, and mSNA 
with a 5' cap are preferred, because of their greater half- 
life la vivo. 

In particular, one preferred mSNA is a self- 
circularizing mRNA having the gene of interest preceded by 
the 5' untranslated region of polio virus. it has been 
demonstrated that circular bsma has an extremely long half- 
life (Harland Misher, Development 102: 837-852 (1988)) 
and that the polio virus 5' untranslated region can promote 
35 translation of mRKA without the usual 5' cap (Pelletier & 
Sonnenberg, Mature 334:320-325 (1988), hereby incorporated 
by reference). 
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Thl. Mterlal aay be prepared frcn a DKA tenplate that 
Is self-spliclng and generates circular "lariat" hsmas 
using the method of Been « Cech, Cell 47:206-2li 
(1986) (hereby incorporated by reference). we «odify that 
5 template by including the 5' untranslated region of the 
polio virus iamediately upstream of the gene of Interest, 
following the procedure of Maniatis, T. et al. molbcoiar 
CWHIKC: A ZABOR&TORX lOUnnL, Cold Spring Harbor, New York 
(1982) . 

10 m addition, the present invention includes the use of 

■RNA that is cihemically blocked at the 5' and/or 3' end to 
prevent access by SNAse. (This enzyme is an exonudease 
and therefore does net cleave kka in the middle of the 
chain.) such Chemical blockage can substantially lengthen 

15 the half life of the in vivo. Two agents irtiich may be 
used to modify rha are available from Clonetech 
Laboratories, Inc., Palo Alto, Californi^: C2 
AminoModifier (Catalog « 5204-1) and Amino-7-dUTP (Catalog 
# K1022-1). •These materials add reactive groups to the 

20 RHA. After introduction of either of these agents onto an 
RNA molecule of interest, an appropriate reactive 
substituent can be linked to the rha according to the 
manufacturer's instructions. By adding a group with 
sufficient bulk, access to the cshemically modified RNA by 

25 RNAse can be prevented. 

Transient gc>nf> Theyapy 

Unlike gene therapies proposed in the past, one major 
advantage of the present invention is the transitory nature 
of the polynucleotide synthesis in the cells. (We refer to 
30 this as reversible gene therapy, or TGT.) with mRNA 
introduced according to the present invention, the effect 
will generally last about one day. Also, in marked 
contrast to gene therapies proposed in the past, mRNA does 
not have to penetrate the nucleus to direct protein 
synthesis I therefore, it should have no genetic liability. 

In some situations, however, a more prolonged effect 
aay be desired without incorporation of the exogenous 
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polynuclelc acid into th« gancme of tbe host organism. 
In order to provida audh an affact, a preferred embodiment 
of the invention provides introducing a DNA sequence coding 
for a specific polypeptide into tbe cell. We have found, 
according to the aethods of the invention, that non- 
replicating WA sequences can be introduced into cells to 
provide production of tbe desired polypeptide for pp^iods 
of about up to six months, and ve have bbsswea no evidtance 
of integration of the WA sequences into the ^^ome of the 
cells. Alternatively, an even more prolonged effect can be 
achieved by introducing the WK sequence into the cell by 
means of a vector plasmid having the DRA sequence inserted 
therein. Preferably, the plasmid further comprises a 
replicator. Such plasmlds are well known to those skUled 
in the art^ for exaaiple, plasmid pBR322, with replicator 
PMBI, or plasmid pHKl6, with replidatbr ColEl (Ausubel, 
Cumnt Protocols in Woi^«i»i,.,^ ^<Tl TT Tf , John Wiley and 
Sons, New York (1988) SII: 1.5.2. 

Results of studies of the time course of expression of 
DMA and aOOlA introduced into muscle cells as described in 
EXaiiq?les i and i3 indicate that ajaa expression is more 
rapid, although shorter in duration than una expression. 
kn immediate and long lived gene eacpression can be achieved 
by administering to the cell a liposomal preparation 
comprising both DKA and an KHA polymerase, sudh as the 
lAage polymerases T7, T3, and siP6. The liposome also 
includes an initial source of the appropriate kna 
polymerase, by either including the actual enzyme itself, 
or alternatively, an mitNA coding for that enzyme, when the 
liposome is introduced into the organism, it delivers the 
DMA and «ie initial source of rna polymerase to the cell. 
The SNA polymerase, recognizing the promoters on the 
introduced DNA, transcribes both genes, resulting in 
translation products comprising more RRA polymerase and the 
35 desired polypeptide. Production of these materials 
continues until the introduced DNA (which is usually in the 
form of a plasmid) is degraded, in this manner, production 
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Of the desired polypeptide m vivo can be adhieved in a few 
hours and be extended for one aonth or aore. 

Although not limited to the treati^ent of genetic 
disease, the nethods of the invention can accordingly be 
5 appropriately applied to treatment strategies requiring 
delivery and functional Mcpression of missing or defective 
genes. 

The polynucleotides may be delivered to the 
interstitial space of tissues of the animal body, including 
10 those of muscle, skin, brain, lung, liver, spleen, bone 
narrow, thymus, heart, lymph, blood, bone, cartilage 
pancreas, kidney, gall bladder, stomacSh, intestine, testis! 
ovary, uterus, rectum, nervous system, eye, gland, and 
connective tissue. Interstitial space of the tissues 
15 comprises the intercellular, fluid, mucopolysaccharide 
matrix among the reticular fibers of organ tissues, elastic 
fibers in the walls of vessels or cihambers, collagen fibers 
of fibrous tissues, or that same matrix within connective 
tissue ensheathing muscle cells or in the lacunae of bone 
20 It is similarly the space occupied by the plasma of the 
circulation and the lymph fluid of the lymphatic channels. 
Delivery to the interstitial space of muscle tissue is 
preferred for the reasons discussed below. 
They may be conveniently delivered by injection into the 
25 tissues comprising these cells. They are preferably 
delivered to and expressed in persistent, non-dividing 
cells whidh are differentiated, although delivery and 
expression may be achieved in non-differentiated or less 
completely differentiated cells, sudh as, for example, stem 
cells Of blood or skin fibroblasts. we have discovered 
that in vivo muscle cells are particularly competent in 
their ability to take up and express polynucleotides. This 
ability may be due to the singular tissue arcShitecture of 
nuscle, comprising multinucleated cells, sarcoplasmic 
reticulum, and transverse tubular system. Polynucleotides 
May enter the muscle through the transverse tubular system, 
trtiidh contains extracellular fluid and extends deep into 
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the »uscle C.11. it 1. also possible that the 
polynucleotides enter damaged »uscle cells «hlch then 
z^ecoveiTe 

misole 1. also «a«mta,eou,ly uiwd . ,ite tor the 
5 deliver, ^ erpreeeion oC poljrmwleotMeB la , 

therapeutic epplleatlon. beoau.e anl.al, have a 
proportionately large xiwde aan lAieh 1. conveniently 
aoce«wd br direct injection throng the rtln, tor this 

,o r**?' «>»*• Of polyroideotldes can 

10 be depclted In »..cl. by *,utlpl. lnJ«*lon.. and 
rep^tlv. tojectloa.. to ext«.d therapy ov«: i„„, 
or tl«e, are easily perfor«d and can be carried out safelv 
and without special skill or devices. 

Hus«ae tissue can be used a. a site for injection and 
IS expression of polynucleotides in a set of general 
strategies, ,*ieh are ereiiplary and not eadiaustlve. First 
«»cle disorders rel.t«J to defective or absent gea^ 
l«oducts can be treated by Introducing polynucleotide. 

20 IT ■ «"» P"«>««t into the diseased 

20 Msole tissue. m a second strategy, disorders of other 
«rg«^ or tissues due to the absence of a gene product, and 

I^^,!!™^** *^ builds Of a circulating toxic 
-etabolit. c«, be treated by introducing the specific 
therapeutic polyp^lde into .uscle tissue ,Aere the non- 
25 secreted gene product is eiq,ressed and clears the 
circulating .etabolite. jn a third strategy, a 
polynucleotide coding for an secretable therapeutic 
polypeptide can be Injected into Mscle tissue tro. «»r. 
the polypeptide 1. released into the circulation to seek a 
30 .etabollc target. Ihis us. is denon.tr.ted in the 
"5>»sslon Of groHth honaone gene injected Into anu»le 
B»»»Ple 18. certeli, WK .egiunts. u. known to serve a^ 
-signal.- to direct secretion (Wickner, w.t. and r.f 
iodish, aclsnsa 23O1400-407 (MSS). and thes. aay b. 



3S advantageously «.ploy«l. yin.lly. m l».unltation 
stratagi... .nsd. c.H, b. inj.ct.d with 

polynucLotides coding for imuaog«.lc peptides, and these 
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peptide .ill be pr««.ted by ^ ^ ^ 

provoke . .elected i^une reepon.. the 1.1.^^ 

S .ftlcl.»t uptek. end expreeeion ot I'l.-t^a 
pclmcl«,tld.,. .on.th.1... be «v«.t.,.a„.i/^^':.' 
inJ«*ion .ItM to produce tberepeutie pol^ideT " 

CMdltion 1. the o* . poUrnudeotid. to provide . 

XO polypeptide to be .««*iv. ^ p^^\! 

..deletion Wth cell. „ . specific type, „r 
~11 «rf.ce receptor* ot liver cell. ...ociet^d «Uh 
choloeterol bo«ort*sl.. (»ro-„ .„d Cldeteln, Icl^ 

15 othlr! ! ^" "W""""". and in 

15 other.. «eh those i« ^Ich «, e„zy.e or hor«„. i. thi 
^. product, it i. „t „ece«.ry to .c*ieve hir^„rt.^^ 
«*-.io„ i« order to e«ect . v.l«*ie 'theri;!:: 

20 •»^i""on Of TGI U in the tre.t«nt of »u.cul« 

le Jnrt beginning to be unraveled. The gene relel^ t- 

Du^/Becker ™..»1„ dystrophy h.. recJ^^JT^J^ 
«d encode. . r.th« lerg. protein. t.r«d dyetrop^T 
»e1«vir.l vector. « »ii,^, ^ ^ ^ be^,^e1S: 

25 could not .cce««Kj.te the rather large .i« of ^ ^ 
(-»»t l,kb, for dyetrc^. very ^y"r^^ ^ 
1- oentered on tr«»pi.nti„g ^i..t., but the uSSt^f 
ttl. ^Oh re-eln. to be detendned. cieerly. Z 

30 dvtr^^ "ould be to directly «.pr.J the 

^^S^U" «i. fro. re.pir.tory 

35 -PPWction i. in the treatment of cyUc 

35 flbro.i.. n,. ^ 

14. 1M9), So^en.. ,t .1. ssl^, 245,4»2J,:105»-1065 
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(September 8, 1989), Beardsley, T.et 1., ss^^,,^ 
ABfiElcan, 261(5) :28.30 (1989). Significant aii»lioration of 
the pyaptons should be attainable by the expression of the 
dysfunctional protein within the appropriate lung cells 
5 The bronchial epithelial ceils are postulated to be 
appropriate target lung cells and they could be accessible 
to gene transfer tolloving instillation of genes into the 
lung. Since cystic fibrosis is an autosomal recessive 
disorder one would need to acdiieve only about 5% of normal 
10 levels Of the cystic fibrosis gene product in order to 
sispjificantly aaellorate the pulmonary symptoms. 

Biochemical genetic defects of intermediary metabolism 
can also be treated by TGT. These diseases include 
phenylketonuria, galactosemia, maple-syrup urine disease 
15 homocystlnuria, propionic acidemia, methylmalonic acidemia' 
and adenosine deaminase deficiency. The pathogenesis of 
disease in most of these disorders fits the phenylketonuria 
(PKQ) model pf a circulating toxic metabolite. That is 
because of an enzyme block, a biochemical, toxic to the 
20 body, accumulates in body fluids. These disorders are 
ideal for gene therapy for a nuAber of reasons. pirst 
only 5% of normal levels of enzyme activity would have t^ 
be attained in order to significantly clear enough of the 
^ circulating toxic metabolite so that the patient is 
25 significantly improved. Second, the transferred gene could 
most of ten be expressed in a variety of tissues and stUl 
be able to clear the toxic biochemical. 

Reversible gene therapy can also be used in treatment 
strategies requiring intracytoplasmic or intranuclear 
protein expression. some proteins are known that are 
capable of regulating transcription by binding to specific 
promoter regions on nuclear MIA. other proteins bind to 
RHA, regulating its degradation, transport from the 
nucleus, or translation efficiency. Proteins of this class 
must be delivered intracellularly for activity 
Extracellular delivery of recoinbinant transcriptional or 
translational regulatory proteins would not be expected to 
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have biological activity, but functional delivery of the 
DNA or RKA by TGT would be active. Repreeentative proteins 
Of this type that would benefit from TGT would include HEP 
TAT, Steroid receptor and the retinoid receptor. 
5 Gene therapy can be used in a strategy to increase the 

resistance of an AIDS patient to HIV infection, 
introducing an AIDS resistance gene, sucSh as, for example, 
the HEP gene or the soluble CD4 gene to prevent budding, 
into an AIDS patient's T cells will render his T cells less 
10 capable of producing active AIDS virus, thus sparing the 
cells of the immune system and improving his ability to 
nount a T cell dependent immune response. Thus, in 
accordance with the invention, a population of the AIDS 
patient's own T cells is isolated from the patient's blood. 
15 These cells are then transfected la vitro and then 
reintroduced back into the patient's blood. The virus- 
resistant cells will have a ielective advantage over the 
normal cells, and eventually repopulate the patient's 
lymphatic system. DNA systemic delivery to macrophages or 
20 other target cells can be used in addition to the 
extracorporeal treatment strategy. Although this strategy 
would not be expected to eradicate virus in the macrophage 
reservoir, it will increase the level of T cells and improve 
the patient's immune response. 

In all of the systemic strategies presented herein, an 
effective DNA or iBRNA dosage will generally be in the range 
Of from about 0.05 ,.g/kg to about 50 »g/kg, usually about 
0.005-5 mg/kg. However, as will be appreciated, this 
dosage will vary in a manner apparent to those of skUl in 
the art according to the activity of the peptide coded for 
by the DHA or aRHA and the particular peptide used. Por 
delivery of adenosine deaminase to mice or humans, for 
example, adequate levels of translation are achieved with a 
DNA or ttRNA dosage of about 0.5 to 5 mg/kg. See Example 
35 10. Prom this information, dosages for other peptides of 
known activity can be readily determined. 

Diseases whibh result from deficiencies of critical 
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proteins nay be appropriately treated by Introducing Into 
specialized cells, DKA or aSNA coding for these proteins 
A variety of growth factors sudh as nerve growth factor a^d 
fibroblast growth factor have been shown to affect neuronal 
5 cell survival in anlaal aodels of Alzheimer's disease, m 
the aged rat aodel, HGF Infusions have reversed the loss of 
cshollnerglc neurons, in the flnbrla-fomlx lesion rat, HGF 
Infusions or secretion froa genetlcally-aodlf led 
fibroblasts have also avoided the loss of cholinergic 
10 function. caiollnerglc activity is dlalnlshed in patients 
with Alzhelaer'». The expression within the brain of 
transduced genes expressing growth factors could reverse 
the lost of function of specific neuronal groups. 

Introduction of SNA or ttRNA by transf action of the 
gene for neuronal growth factor into cells lining the 
cranial cavity can be used in accordance with the present 
invention in the treatment of Alzheiaer's disease. m 
particular, the present invention treats this disease by 
Intracranial injection of from about 10 to about lOO j.g 
of UNA or mRNA into the parenchyna through use of a 
stereotaxic apparatus. Specifically, the Injection is 
targeted to the cholinergic neuzt>ns in the medial septum. 
The OKA or mRKA injection is repeated evezy 1-3 days for 5' 
capped, 3' polyadenylated mRKA, and every week to 21 days 
for circular mRMA, and every 30 to 60 days for dna. 
Injection of DMA in accordance with the present invention 
Is also contemplated. dka would be injected in 
corresponding amounts; however, frequency of injection 
would be greatly reduced. Episqmal DHA, for example, could 
be active for a number of months, and reinjection would 
only be necessary upon notable regression by the patient. 

In addition, the enzymes responsible for 
neurotransmitter synthesis could be expressed from 
transduced genes. For example, the gene for bholine acetyl 
transferase could be expressed within the brain cells 
(neurons or glial) of specific areas to Increase 
acetylcholine levels and Improve brain function. 
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The critical enzyaes involved in tha synthesis of 
other neurotransmitters such as dopamine, norepineirtirine, 
and have been cloned and available. aaie critical 

enzymes could be locally increased by gene transfer into a 
5 localized area of the brain. The increased productions of 
these and other neurotransmitters would have broad 
relevance to manipulatibn of localized neurotransmitter 
function and thus^ a broad range of brain disease in 
which disturbed neurotransxaitter function plays a crucial 
10 role. Specifically, these diseases could include 
schizophrenia and manic-depressive illnesses and 
Parkinson's Disease. It is well established that patients 
with Parlcinson's suffer from proepressively disabled motor 
control due to the lade of dopamine synthesis within the 
15 basal ganglia. The rate limiting step for dopamine 
synthesis is the conversion of tyrosine to I>DOPA by the 
enzyme, tyrosine hydroxylase. L-DOPA is then converted to 
dopamine by the ubiguitous enzyme, DOPA decartojcylase. 
That is why the well-established therapy with L-DOPA is 
effective (at least for the f im few years of treatment). 
Gene therapy could aecoxsplish the similar pharmacologic 
objective by expressing the genes for tyrosine hydroxylase 
and possible DOPA decarboxylase as well. Tyrosine is 
readily available within the CNS. 

Thfe genetic form of ali»ha-l-antitrypsin deficiency 
can result in both liver and lung disease. The liver 
disease, which is less common, is caused by the 
accumulation of an abnormal protein and would be less 
amenable to gene therapy. The pulmonary complications, 
however, would be amenable to the increased expression of 
alpha-l-antitrypsin within the lung. This should prevent 
the disabling and eventually lethal emphysema from 
developing. 

Alpha-l-antitrypsin deficiency also occurs in tobacco 
35 smokers since tobacco smoke decreases alpha-l-antitrypsin 
activity and thus serine protease activity that leads to 
emphysema. In addition, some recent data links tobacco 
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smoke's antl-trypsin effect to aneurysms of the aorta. 
Aneurysas vould also be preventable by raising blood levels 
of anti-l-antitrypsin since this would decrease protease 
activity that leads to aneurysns. 
5 Patients with degenerative disease of the lung could 

also benefit from the expression of enzymes capable of 
removing other toxic metabolites whibh tend to accumulate 
in diseased lung tissue. Superoxide disiButase and catalase 
could be delivered by TGT to ameliorate these prdblems. 
10 TGT can be used in treatment strategies requiring the 

delivery of cell surface receptors. it could be argued 
that there is no nead to decipher methodology for 
functional in viro delivery of genes. There is, after all, 
an established technology for the synthesis and large scale 
15 production of proteins, and proteins are the end product of 
gene expression. This logic applies for many protein 
molecules whidh act extracellularly or interact with cell 
surface receptors, such as tissue plasminogen activator 
(TPA), growth hormone, insulin, interferon, granulocyte- 
20 iaacrophage colony stimulating factor (GMCSP), 
erythropoietin (EPO), etc. However, the drug delivery 
problems associated with properly delivering a recombinant 
cell surface receptor to be inserted in the plasma membrane 
Of its target cell in the proper orientation for a 
functional receptor have hithertofore appeared intractable. 

When mm or W» coding for a cell surface receptor is 
delivered intracellularly in accordance with the present 
invention, the resulting protein can be efficiently and 
functionally expressed on the target cell surface, if the 
problem of functional delivery of recoaibinant cell surface 
sreceptors remains intractable, then the only way of 
approaching this tOierapeutie modality will be through gene 
delivery. simUar logic for nuclear or cytoplasmic 
regulation of gene expression applies to nuclear regulatory 
35 factor bound to DNA to regulate (up or down) m 
transcription and to cytoplasmic regulatory factors whidh 
bind to UNA to increase or decrease translational 
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efficlency and degradation. TCT could In this vay provide 
therapeutic .trategie. for the treatment of cystic 
fibrosis, auscular dystrophy and hypercholesterolemia. 

Elevated levels of cholesterol in the blood laay be 
5 reduced in accordance with the present invention by 
supplying »RKA coding for the LDL surface receptor to 
hepatocytes. a slight elevation in the production of this 
receptor in the liver of patients with elevated IJ)L will 
have significant therapeutic benefits. Therapies based on 
10 systeaic adiainistration of recombinant proteins are not 
able to compete with the present invention, because simply 
administering the recombinant protein could not get the 
receptor into the plasma membrane of the target cells The 
receptor must be properly inserted into the membrane in 
15 order to exert its biological effect. it is not usually 
necessary to regulate the level of receptor expression? the 
more expression the better. This simplifies the molecular 
biology involved in preparation of the aRHA for use in the 

,n ^""^T «««Pl«^ lipld/DKA or RHA complexes 

20 containing the u>l receptor gene may be prepared and 
supplied to the patient by repetitive l.v. injections. The 
lipid complexes will be taken up largely by the liver 
some of the complexes will be taXen up by hepatocytes. The 
level Of LDL receptor in the liver wUl increase gradually 
25 as the number cf injections increases. Higher liver LDL 
receptor levels will lead to therapeutic lowering of LDL 
and csholesterol. An effective mSMA dose will generally be 
from about 0.1 to about 5 mg/kg. 

. ^ Other examples Of beneficial applications of T6T 
30 include the introduction of the thymidine kinase gene into 
laacrpphages of patients infected with the HIV virus 
introduction of the thymidine kinase gene into the 
macrophage reservoir will render those cells more capable 
Of phosphorylating A2T. This tends to overcome their 
35 resistance to AZT therapy, making A2T capable of 
eradicating the HIV reservoir in macrophages. Lipid/DNA 
complexes containing the thymidine kinase gene can be 
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prepared and administered to the paUent through repetitive 
intravenous injections. The lipid coa^^lexes will be taken 
up largely by the aacrpphage reservoir leading to elevated 
levels of thymidine kinase in the macrophages, ihis will 
5 render the A2T resistant cells subject to treatment with 
A2T. The thymidine kinase therapy can also be focused by 
putting the thymidine kinase gene under the control of the 
HTLV 1X1 promoter. According to this strategy, the 
thymidine kinase would only be synthesised on infection of 

10 the cell by HIV virus, and the production of the t.t 
protein which activates the promoter. An analogous therapy 
would supply cells with the gene for diphtheria toxin under 
the control of the same HTLV in promoter, with the lethal 
result occurring in cells only after HIV infection. 

15 These AIDS patients could also be treated by supplying 

the interferon gene to the macrophages according to the TGT 
»ethod. increased levels pf localised interferon 
production in macrophages could render them more resistant 
to the consequences of H^V infection, while local levels 

20 of interferon would be high, the overall systemic levels 
would remain low, thereby avoiding the systemic toxic 
effects like those bbserved after recombinant interferon 
administration. Lipld/lJKA or RKA complexes containing the 
interferon gene can be prepared and administered to the 

15 patient by repetitive Intravenous injections. The lipid 
complexes will be taken up largely by the macrophage 
reservoir leading to elevated localized levels of 
interferon in the macrophages. This will render them less 
susceptible to HIV infection. 

'0 Various cancers may be treated using T6T by supplying 

• diphtheria toxin gene on a DNA template with a tissue 
specific enhancer to focus expression of the gene in the 
cancer cells. Intracellular expression of diphtheria toxin 
kills cells. These promoters could be tissue-specific such 

5 as using a pancreas-specific promoter for the pancreatic 
cancer. A functional diphtheria toxin gene delivered to 
pancreatic cells could eradicate the entire pancreas. This 



wo 90/11092 

PCr/US90/01515 



-sa- 



ls 



strategy could be used as a treatment for pancreatic 
cancer. The patients would have no insurmountable 
difficulty surviving without a pancreas. The tissue 
specific enhancer would ensure that expression of 

l^^^^'^t"^ "^"^ ""^^ ^ pancreatic cells. 

DNVllpld complexes containing the diphtheria toxin gene 
under the control of a tissue specific enhancer would be 
Introduced directly into a cannulated artery feeding the 
pancreas. The infusion would occur on sons dosing schedule 
for as long as necessary to eradicate the pancreatic 
tissue, other lethal genes besides diphtheria toxin could 
be used with similar effect, sudh as genes for ricin or 
cobra venom factor or enterotoxin. 

Also, one could treat cancer by using a cell-cycle 
specific promoter that would only kill cells that are 
rapidly circling (dividing) such as cancer cells. cell- 
cycle specific killing could also be accoB«,lished by 
designing oRiai encoding killer proteins that are stable 
only in cycling cells (i.e. histone mRKA that is only 
stable during 8 phase). Also, one could use developmental- 
specific promoters such as the use of alpha-fetoprotein 
that is only expressed In fetal liver cells and in 
hepatoblastoma cells that have dedifferentiated into a more 
fetal state. 

25 one could also treat specialized cancers by the 

transfer of genes sue* as the retindblastoma gene (and 
others Of that family) that «,Rpress the cancer properties 
of certain cancers. 

The T6T strategy can be used to provide a controlled, 
30 sustained delivery of peptides. Conventional drugs, as 
well as recombinant protein drugs, can benefit from 
controlled release devices. The purpose of the controlled 
release device is to deliver drugs over a longer time 
« »«»»»^ of doses required is reduced. 

35 This results in improvement, in patient convenience and 
compliance. There are a wide variety of emerging 
technologies that are intended to abhieve controlled 
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releasa. 

TCT can be used to dbtain controlled delivery of 
therapeutic peptides, ftegulated expression can be Obtained 
by using suitable promoters, including cell-specific 
5 promoters. Suitable peptides delivered by the present 
invention include, for example, growth hormone, insulin, 
interleukins, interferons, 6KC8F, Epo, and the like. 
Depending on the specific application, the DNA or an SNA 
construct selected can be designed to result in a gene 
10 product that is secreted from the injected cells and into 
the systemic circulation. 

TGT can also comprise the controlled delivery of 
therapeutic polypeptides or peptides which is achieved by 
including with the polynucleotide to be expressed in the 
15 cell, an additional polynucleotide which codes for a 
regulatory protein which controls processes of 
transcription and translation. Thetse polynucleotides 
comprise those irtiieh operate either to up regulate or down 
regulate polypeptide expression, and exert their effects 
20 either within the nucleus or by controlling protein 
translation events in the cytoplasm. 

The T7 polymerase gene can be used in conjunction with 
a gene of interest to obtain longer duration of effect of 
TGT. Eplsomal DKA sucih as that obtained from the origin of 
replication region for the Epstein Barr virus can be used, 
as well as that from other origins of replication lAiich are 
functionally active in mammalian cells, and preferably 
those that are active in human cells. This is a way to 
obtain expression from cells after many cell divisions, 
without risking unfavorable integration events that are 
common to retrovirus vectors. Controlled release of 
calcitonin could be dbtained if a calcitonin gene under the 
control of its own promoter could be functionally 
introduced into some site, such as liver or skin. Cancer 
patients with hypercalcemia would be a group to lAiom this 
therapy could be applied. 

Other gene therapies using TCT can include the use of 
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a polynudeotida that has a therapeutic effect without 
being translated into a polypeptide. Por eaeaaple, tgt can 
be used in the delivery of anti-sense polynucleotides for 
turning off the esqpression of specific genes. Conventional 
5 anti-sense aethodolo^y suffers from poor efficacy, in part, 
because the oligonucleotide sequences delivered are too 
short. With TGT, however, full length anti-sense sequences 
can be delivered es easily as short oligomers. Anti-sense 
polynucleotides can be Wk or BNX solecules that theaselves 
hybridise to ( and, thereby, prevent transcription or 
translation of) an endogenous nucleotide sequence. 
Alternatively, an anti-sense tSNA nay encode an RHA the 
hybridises to an endogenous sequence, interfering with 
translation. other uses of TGT in this vein include 
delivering a polynucleotide that encodes a tRKA or rRNA to 
replace a defective or deficient endogenous tRMA or rRNA, 
the presence of which causes the pathological condition. 

Cell-specific promoters can also be used to permit 
expression of the gene only in the target cell. For 
20 example, certain genes are highly promoted in adults only 
in particular typea of tumors. Similarly, tissue-specific 
promoters for specialized tissue, e.g., lens tissue of the 
eye, have also been identified and used in heterologous 
e3q>re8sion systems. 

Beyond the therapies described, the method of the 
invention can be used to deliver polynucleotides to animal 
stock to increase production of milk in dairy cattle or 
muscle mass in animals that are raised for meat. 

DNA and mPWA V«ee4t%i*« 

According to the methods of the invention, both 
expressible DNA and mRKA can be delivered to cells to form 
therein a polypeptide translation product, if the nucleic 
acids contain the proper control sequences, they will 
direct the synthesis of relatively large amounts of the 
35 encoded protein, fben the DNA and mRNA delivered to the 
cells codes for an immunizing peptide, the methods can be 
applied to achieve improved and more effective immunity 
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against Infectious agents. Including Intracellular viruses, 

and also against tunor cells. 

Since the isonune systeias of all vertebrates . operate 

similarly, the applications described ean be iaplemented in 
5 all vertebrate systeas, comprising aaamalian and avian 

species/ as veil as fish. 

The aethods of the invention nay be applied by direct 

infection of the polynucleotide into cells of the animal in 

vivo, or by la vitro transfection of some of the animal 
10 cells which are then re-introduced into the animal body. 

The polynucleotides may be delivered to various cells of 

the animal body, including muscle, skin, brain, lung, 

liver, spleen, or to the. cells of the blood. Delivery of 

the polynucleotides directly la vivo is preferably to the 
15 cells of muscle or slcin. ihe polynucleotides may be 

Injected into muscle or slcin using an Injection syringe. 

They may also be delivered into muscle or skin using a 

vaccine gun. 

It has recently been shown that cationic lipids can be 
20 used to facilitate the transfection of cells in certain 
applications, particularly in vitro transfection. 
Cationic lipid based transfection technology is preferred 
over other methods; it is more efficient and convenient 
than calcium phosphate, DEAE dextran or electroporation 
25 methods, and retrovirus mediated transfection, as discussed 
previously, can lead to integration events in the host 
cell genome that result in oncogene activation or other 
undesirable consequences. The knowledge that cationic 
lipid technology Worltt with messenger RNA is a further 
30 advantage to this approadh because RNA is turned over 
rapidly by intracellular nuclieases and is not integrated 
into the host genome. A transfection system that results 
in high levels of reversible expression is preferred to 
alternative methodology requiring selection and expansion 
of stably transformed clones because many of the desired 
primary target cells do not rapidly divide in culture. 

The ability to transfect cells at high efficiency with 
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cationlc liposomes provides an alternative aethod for 
Immunization. The gene for an antigen is introduced in to 
cells which have been removed from an animal. The 
transfected cells, now expressing the antigen, are 
5 reinjected into the animal lAere the immune system can 
respond to the (nov) endogenous antigen. The process can 
possibly be ehhanq^ by coinlection of either an adjuvant 
or lymphokines to further stimulate the lymphoid cells. 

vaccination vith nucleic acids containing a gene for 
10 an antigen may also provide a way to specifically target 
the cellular immune response. Cells expressing proteins 
which are secreted will enter the normal antigen processing 
pathways and produce both a humoral and cytotoxic response. 
The response to proteins which are not secreted is more 
15 selective. Non-secreted proteins synthesized in cells 
expressing only class 1 hbc molecules are expected to 
produce only a cytotoxic vaccination. Expression of the 
same antigen in cells bearing both class I and class II 
molecules may produce a more vigorous response by 
stimulating both cytotoxic and helper T cells. Enhancement 
of the immune response may also be possible by injecting 
the gene for the antigen along with a peptide fragment of 
the antigen. The antigen is presented via class I MHC 
molecules to the cellular iminune system %rtiile the peptide 
is presented via class II MHC molecules to stimulate helper 
T cells. In any ease, this method provides a way to 
stimulate and modulate the immune response in a way which 
has not previoiisly been possible. 

A major disadvantage of subunit vaccines is that 
glycoprotein antigens are seldom modified correctly in the 
recortbinant expression systems used to make the antigens. 
Introducing the gene for a glycoprotein antigen will insure 
that the protein product is synthesized, modified and 
processed in the same species and cells that the pathogen 
35 protein would be. Thus, the expression of a gene for a 
human viral glycoprotein will contain the correct 
complement of sugar residues. This is important because it 
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has been d^onstrated that a Bubetantlal eonponent of the 
neutralizing antibodies in some viral systems are directed 
at carbohydrate epitopes. 

Any appropriate antigen vhieh is a candidate for an 
5 iaoBone response, whether httaoral or cellular, can be used 
in its nucleic acid fora. The source of the cells could be 
fibroblasts taken froa an individual vhitih provide a 
convenient source of cells expressing only class I hhc 
aolecules. Alternatively, periiAeral blood cells can be 
10 rapidly isolated from whole blood to provide a source of 
cells containing both class I and class li mhc proteins. 
They could be further fractionated into B cells, helper T 
cells, cytotoxic T cells or nacrophage/aonocyte cells if 
desired. Bone narrow cells can provide a source of less 
15 differentiated lymphoid cells. In all cases the cell will 
be transfected either with DKA containing a gene for the 
antigen or by the appropriate capped and polyadenylated 
«RNA transcribed from that gene or a circular RHA, 
chemically modified RNA, or an RN& which does not require 
5' capping. The choice of the transfecting nucleotide may 
depend on the duration of ea^ression desired. For 
vaccination purposes, a reversible expression of the 
Inamnogenic peptide, as occurs on aRIA transfection, is 
preferred. Transfected cells are injected into the aniaal 
and the expressed proteins will be processed and presented 
to the iamune systea by the noraal cellular pathways. 

Sucsh an approach has been used to produce cytotoxic 
laaunity in aodel systeas in aice. Cell lines, aalignant 
continuously growing cells, can be stably transforaed with 
30 DHA. When cells are injected into aniaals, they induce 
cellular iiBBunity to the expressed antigen. The cationic 
lipid delivery systea will allow this approadh to be 
extended to noraal, non-aalignant cells taken froa a 
patient. 

There are several applications to this approach of 
targeting celliaar iaaunity. The first is vaccination 
against viruses in lAich antibodies are known to be 
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required or to enhanced viral infection. Tbere are two 
strategies that can be applied here. One can specifically 
target the cellular pathway during inniunization thus 
eliminating the enhancing antibodies. Alternatively one 
5 can vaccinate with the gene for a truncated antigen which 
eliminate the humoral epitomes which enhance infectivi^. 

the use of CNA or tiRMA vaccine therapy could similarly 
provide a means to provolce an effective cytotoxic T-cell 
response to weakly antigenic tumors. We propose, for 
10 example, that if a tiimor-specific antigen were escpressed by 
URNA inside a cell in an already processed form, and 
incorporated directly into the Class I molecules on the 
cell surface, a cytotoxic T cell response would be 
elicited. 

A second application is that this approach provides a 
method to treat latent viral infections. Several viruses 
(for exanqple. Hepatitis B, BIV and members of the Herpes 
virus group) can establish latent infections in which the 
virus is maintained intracellularly in an inactive or 

20 partially active form. There are few ways of treating such 
an infections. However, by inducing a cytolytic immunity 
against a latent viral protein, the latently infected cells 
will be targeted and eliminated. 

A related application of this approach is to the 

25 treatment of chronic pathogen infections. There are 
numerous examples of pathogens which replicate slowly and 
spread directly from cell to cell. These infections are 
chronic, in some cases lasting years or decades. Examples 
of these are the slow viruses (e.g. Visna) , the Scrapie 

30 agent and HIV. One can eliminate the infected cells by 
inducing an cellular response to proteins of the pathogen. 

Finally, this approach may also be applicable to the 
treatment of malignant disease. Vaccination to mount a 
cellular immune response to a protein specific to the 

35 malignant state, be it an activated oncogene, a fetal 
antigen or an activation marker, will result in the 
elimination of these cells. 
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Thtt use of DNVnBNA vaccines could in this vay greatly 
eiihahce the iamunogenicity of certain viral proteins, and 
cancer-specific antigens, that normally elicit a poor 
inmune response. VtM tSBSK vaccine technique should be 
5 applicable to the induction of cytotoxic T cell iamamity 
against poorly inmuhbgenic viral proteins from the Herpes 
viiruses, non-A, non-B hepatitis, and HIV, and it would 
avoid the hazards and difficulties associated with in vitro 
propagation of these viruses. Por cell surface antigens, 

10 such as viral coat proteins (e.g., HIV gpi20}, the antigen 
would be eagpressed on the surface of the target cell in the 
contaxt of the aiajor histocompatibility complex (HHC) , 
whic^ would be expected to result in a more appropriate, 
vigorous and realiistic immune response, it is this factor 

15 that results in the more efficacious immuxte responses 
frequently observed with attenuated virus vaccines. 
Delivery of a single antigen gene by tgt would be much 
safer than attenuated viruses, idiich can result in a low 
frequency of disease due to inadequate attenuation. 

20 There is an additional advantage of TGT vhidh can be 

eaeploited during the vaccine development ^ase. One of the 
difficulties with vaccine development is the requirement to 
screen different istructural variants of the antigen, for 
the optimal immune response. if the variant is derived 

25 from a recombinant source, the protein usually must be 
expressed and purified before it can be tested for 
antigenicity. This is a laborious and time consuming 
process. with la vitro mutagenesis, it is possible to 
obtain and sequence numerous clones of a given antigen. If 

30 these antigen can be screened for antigenicity at the DNA 
or HNA level by TGT, the vaccine development program could 
be made to proceed much faster. 

Finally, in the case of the DNA/nRNA vaccines, the 
protein antigen is never esqposed directly to serum 

35 antibody, but is always produced by the transf ected cells 
themselves following translation of the afiNA. Hence, 
anaphylaxis should not be a prdblem. Thus, the present 
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invention pentits the patient to be imaunized repeatedly 
vithQut the fear of allergic reactions. The use of the 
DNA/BtRNA vaccines of the present invention aakes such 
inmunization possible. 
5 One can easily conceive of ways in which this 

technology can be nodified to enhance still further the 
ixuBunogenicity of antigens. T cell inmunization can be 
augmented by increasing the densi^ of Class I and Class II 
histocoxqpatibility antigens on the aacr^Aiage or other cell 

10 surface aniVor by inducing the transf acted cell to release 
cytokines that promote lyaq^ocyte proliferation. To this 
end, one may incorporate in the same liposomes that contain 
mRMA for the antigen, other miRNA species that encode 
interferons or interleukin-1. These cytokines are known to 

15 enhsmce macrophage activation. Their systemic use has been 
hampered because of side effects. However, when 
encapsulated in mSMA, along with mRMA for antigen, they 
should be esqpressed only by those cells that co-ea^ress 
antigen. In this situation, the induction of T cell 

20 immunity can be enhanced greatly. 
Therapeutic Formulations 

Polynucleotide salts; Administration of phazmaceutically 
acceptable salts of the polynucleotides described herein is 
included within the scope of the invention. Such salts may 

25 be prepared from pharmaceutically acceptable non-toxic 
bases including organic bases and inorganic bases. Salts 
derived from inorganic bases include sodium, potassium, 
lithium, ammonium, calcium, magnesium, and the like. Salts 
derived tram pharmaceutically acceptable organic non-toxic 

30 bases include salts of primary, secondary, and tertiary 
amines, basic amino acids, and the like. For a helpful 
discussion of fAiarmaceutical salts, see S. M. Berge et al.. 
Journal of Pharmaceutical Sciences 66:1-19 (1977) the 
disclosure of which is herel:^ incorporated by reference. 

35 Polynucleotides for injection, a preferred route of 

delivery, may be prepared in unit dosage form in ampules, 
or in multidose containers. The polynucleotides may be 
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present in such forms as suspensions, solutions, or 
einulsions in oily or prsferably aqusous vehiclas. 
Alternativaly, the polynucleotide salt aay be in 
lyophilized fom for reconstitution, at the tine of 
5 delivery, vith a suitable vehicle, math as sterile pyrogen- 
free irater. Both liquid as veil as lyophilized foms that 
are to be reconstituted vill comprise agents, preferably 
buffers, in amounts necessary to suitably adjust the pB of 
the injected solution. Por any parenteral use, 

10 particularly if the formulation is to be administered 
intravenously, the total concentration of solutes should be 
controlled to make the preparation isotonic, hypotonic, or 
veaiay hypertonic. Nonionie materials, such as sugars, are 
preferred for adjusting tonicity, and sucrose is 

15 particularly preferred. Any of these forms may further 
comprise suitable formulatory agents, such as starbh or 
sugar, glycerol or saline. ibe compositions per unit 
dosage, lAiether liquid or solid, may contain from 0.1% to 
99% of polynucleotide material. 

units dosage ampules or multidose containers, 
in which the polynucleotides are packaged prior to use, may 
comprise an hermetically sealed container enclosing an 
amount of polynucleotide or solution containing a 
polynucleotide suitable fpr a pharmaceutically effective 

25 dose thereof, or multiples of an effective dose. The 
polynucleotide is packaged as a sterile formulation, and 
the hermetically sealed container is designed to preserve 
sterility of the formulation until use. 

The container in which the polynucleotide is packaged 

30 is labeled, and the label bears a notice in the form 
prescribed by a governmental agency, for exaiqple the Food 
and Drug Administration, which notice is reflective of 
approval by the agency under Federal law, of the 
manufacture, use, or sale of the polynucleotide material 

35 therein for hu&an administration. 

Federal law requires that the use of pharmaceutical 
agents in the therapy of hxmans be approved by an agency of 
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the Federal government. Besponsibllity for enforcement is 
the reipponsibllity of the Pood and Drug Administration, 
which issues appropriate regulations for securing such 
approval, detailed in 21 U.8.C. 301-392. Regulation for 
5 biologic material, comprising products made from the 
tissues of animals is provided under 42 U.S.C 262. Similar 
approval is required by most foreign countries. 
Regulations vary from country to country, but the indivdual 
procedures are veil known to those in the art. 

10 Dosage and Route of Administration 

The dosage to be adiainistered depends to a large 
eaetent on the condition and size of the subject being 
treated as well as the frequency of treatment and the route 
of administration. Regimens for continuing therapy, 

15 including dose and frequency may be guided by the initial 
response and clinical judgment. The parenteral route of 
injection into the interstitial space of tissues is 
preferred, although other parenteral routes, such as 
inhalation of an aerosol formulation, may be required in 

20 specific administration, as for example to the mucous 
membranes of the nose, throat, bronchial tisues or lungs. 

In preferred protocols, a formulation comprising the 
naked polynucleotide in an aqueous carrier is injected into 
tissue in amounts of firom 10 m1 per site to about 1 ml per 

25 site. The concentration of polynucleotide in the 
formulation is from about 0.1 |tg/ml to about 20 mg/ml. 
Regulation ot TCT 

Just as DNA based gene transfer protocols require 
appropriate signals for transcribing (promoters, enhancers) 

30 and processing (splicing signals, polyadenylation signals) 
the mRNA transcript, mRKA based TGT requires the appropriate 
structural and sequence elements for efficient and correct 
translation, together with those elements vhich will enhance 
the stability of the transfected aRNA. 

35 In general, translational efficiency has been found to 

be regulated by specific sequence elements in the 5' non- 
coding or untranslated region (5'UTR) of the RNA. Positive 
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sequenea Botifs includ* tba translational initiation 
consensus sequencs (GCC)Acc;AiSG (Kozak, Hticlttie Acids 
Res.l5:8l25 (1^87) ) and tha 5^ 7 Bethyl Gpppc cap structure 
(Drunmond et al., Vudaie Acids Bes. 13:7375 (1985)). 
5 Negative elements include stable intraaolecular 5' tjtr 
stem-loop structiures (Massing et al.. Cell 48:691(1987)) 
and AUG sequences or short open nading frames preceded by 
an appropriate AD6 in the 3' TJTR (Kozak, Supra ^ Rao et al., 
Mol. and Cell. Biol. 8:284(1988)). In addition, certain 

10 sequence motifs subb as the beta globin 5' UTR may act to 
enhance translation (Vhen placed adjacent to a heterologous 
5' UTR) by an unknown mechanism. There are also examples 
of specific 5' UTR sequences lAiich regulate eukaryotic 
translational efficiency in response to environmental 

15 signals. These include the human ferritin 5' UTR (Hentze 
et ai., Prbc. Hatl. Acad. Sci. USA 84:6730 (1987)) and the 
drospphila bsB^O 5' UTR (Klemenz et al., EKBO Journal 
4:2053 (1985)). Finally, there are viral S' UTR sequences 
which are able to bypass normal cap dependant translation 

20 and translational controls and mediate ann efficient 
translation of viral or chimeric fiRNAs (Dolph et al., j. of 
Virol. 62:2059 (1988)), Pelletier and Sonnenberg, Rature 
334, 320 (1988)). MRMA based T6T protocols must therefore 
include appropriate 5' UTR translational elements flanldng 

25 the coding sequence for the protein of interest. 

In addition to translational concerns, arna stability 
must be considered during the developnent of mRNA based TCT 
protocols. As a genercil statement, capping and 3' 
polyadenylation are the major positive determinants of 

30 eukaryotic pBJSih stability (Drummond, supra > Ross, MOl. 
Biol. Med. 5:1(1988)) and function to protect the 5' and 3' 
ends of the BRNA from degradation. However, regulatory 
elemoits tdiich affect the stability of exikaryotic aSNAs 
have also been defined, and therefore must be considered in 

35 the development of BRMA T6T protocols. The most notable 
and clearly defined of these are the uridine ribh 3« 
untranslated region (3' UTR) destabilizer sequences found 
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in aany short half-lifa tfRNAs (Shaw and Kaaen Cell 46:659 
(1986)), although thera is avidenca that thasa are not the 
only sequence notifs idiieh result in bKKA destabilization 
(Kabnick and Housman, Hoi. and Cell. Biol. 8:3244 (1988)). 
5 In addition, specific regulatory sequences lAiibh nodulate 
cellular bRNA half life in response to environmental 
stinuli have also ^en demonstrated. These include the 
estrogen mediated modulation of Vitellogenin tiRNA stability 
(Brock and Shapiro, Cell 34:207 (1983)), the iron dependant 

10 regulation of transferrin receptor fiRNA stability (Mullner 
and KUhn, Cell 53:815 (1988)) irtiich is due to a specific 3' 
IITR motif, the prolactin mediated control of Casein mSNA 
stability (Guyette et al.. Cell 17:1013 (1989)), the 
regulation of Fibronectin mRMA stability in response to a 

15 number of stimuli (Dean et al., J. Cell. Biol. 106:2159 
(1988)), and the control of Bistpne mRKA stability (Graves 
et al.. Cell 48:615 (1987)). Pinally, just as viral SNA 
sequences have evolved which bypass normal eukaxyotic mRNA 
translational controls, liltevise some viral KKA sequences 

20 seem to be able to confer stability in the absence of 3' 
polyadenylation (McCrae and Woodland, Bur. J. of Biochea. 
116: 467 (1981)). Some 5', such as EMC, according to 
Exaiqple 21, are known to fiinction without a cap. This 
cacophony of stability modulating elements must also be 

25 carefully considered in developing mRNA based TGT protocols, 
and can be used to modulate the effect of an mRNA treatment. 
Liposome-f ormlna aaterj «1 b 

The science of forming liposomes is now well 
developed. Liposomes are unilamellar or multilamellar 

30 vesicles, having a membrane portion formed of lipo^ilic 
material and an interior aqueous portion. The aqueous 
portion is used in the present invention to contain the 
polynucleotide material to be delivered to the target cell. 
It is preferred that the liposome forming materials 

35 used herein have a cationic group, such as a quaternary 
ammoniim group, and one or more lipophilic groups, such as 
saturated or unsaturated allcyl groups having from about 6 
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■to about 30 carbon atons. One group of suitabla aa-terlals 
is described in European Patent Publication No. 0187702. 
These aaterials have the fomula: 

Y 

5 r3^>CH2-CH-(CH2)]i-M^*R^ X" 

OR* 

wherein R^ and R* are the sane or different and are allqrl 
or alkenyl of 6 to 22 carbon atoms, R^, R^, and R^ are the 
saine or different and are hydrogen, aUcyl of l to 9 

10 carbons, aryl, arallcyl of 7 to 11 carbons, or vben two or 
three of R^, R^, and R^ are taJcen together th^ fora 
qtiinuclidino, piperidino, pyrrolidine, or norpholino; n is 
1 to 8, lind X is a pharaaceutically acceptable anion, such 
as a halogen. These cosqpounds nay be prepared as detailed 

15 in the above-identified patent application } alternatively, 
at least one of these conpounds, N-(2,3-di-(9-(Z)- 
octadecenyloxy))-prop-l-yl-N,N,N-triBethyla2mBoniua dhloride 
(DOnfil), is cbamercially available frra Bethesda Research 
Laboratories (BItL), Gaithersburg, Maryland 20877, USA. 

20 These quaternary ammoniua diether conpounds, however, 

do have sone drawbacks. Because of the ether linkages, 
they are not readily aetabolized la vlyo. When long-tem 
therapy is contemplated, there is some possibili^ that 
these materials could accumulate in tissue, ultimately 

25 resulting in lipid storage disease and toxic side effects. 
Accordingly, a preferred class of conipositions for use in 
the present invention has the formula: 

r3 

R^C00CH2-CH-(CH2)n-'ir''-R^ X" 
30 C00r2 Ifi 

idierein R^ and R* are the saiae or different and are alkyl 
or alkenyl of 5 to 21 carbon atoms, R^, R^, and R^ are the 
same or different and are hydrogen, allgrl of 1 to 8 
carbons, azyl, aralkyl of 7 to 11 carbons, or when two or 
35 three of r3, r^, and R^ are taken together they form 
guinuclidino, piperidino, pyrrolidine, or morpholino; n is 
1 to 8, and X is a pharmaceutically acceptable anion, such 
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as a halogen. These compounds aay be prepared using 
conventional techniques, such as nudeophilic substitution 
involving a carboxylic acid and an alkyl halide, by 
tnmsesteriflcation, or by condensation of an alcohol with 
5 an acid or an acid halide. 

Moreover, aany suitable liposone-foming cationic 
lipid compounds are described in the literature. see, 
e.g., L. Staaatatos, et al., Biodieaistry 27:3917-3925 
(1988); H. Eibl, et al., Biof^byslcal Cheaistxy 10s26l-27i 
10 (1979) • 

Liposome Prcpai-m^lem 

Suitable liposomes for use in the present invention 
are coomercially avjailable. DOTHh liposomes, for example, 
are available under the trademark Lipof ectin from Bethesda 

15 Research Labs, Gaithersburg, Maryland. 

Alternatively, liposomes can be prepared from readily- 
available or freshly synthesized starting materials of the 
type previously described. The preparation of DOTAP 
liposomes is detailed in Example 6. Preparation of DOXHA 

20 liposomes is explained in the literature, see, e.g., p. 
Feigner, et al., Froc. Hat'l Acad. Sci. USA 84:7413-7417. 
Similar methods can be used to prepare liposomes from other 
cationic lipid materials. Moreoyer, conventional liposome 
forming materials can be used to prepare liposomes having 

25 negative Charge or neutral charge. Such materials include 
phosphatidyl choline, cholesterol, phosphatidyl- 
ethanolamine, and the liJce. These materials can also 
advantageously be mixed with the DOTAP or DOTHA starting 
materials in ratios from 0% to about 75%. 

30 Conventional methods can be used to prepare other, 

noncationic liposomes. These liposomes do not fuse vith 
cell vails as readily as cationic liposomes. However, they 
are taken up by macrcfphages in vivo, and are thus 
particularly effective for delivery of polynucleotide to 

35 these cells. For example, commercially dioleoyl- 
phosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol 
(DOPG), and dioleoyl^osphatidyl ethanolamine (DOPE) can be 
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used in various eoBblnatlons to Bake conventional 
llposoaes, with or vlthoat the addition of csholesterol. 
Thus, for escaaq^le, DOPG/DOPC vesicles can be prepared by 
drying 50 ag each of D0P6 and DOPC under a stream of 
5 nitrogen gas Into a sonlcatlon vial. Xhe saa^is is placed 
under a vaeuua puap oveml^t and is hydrated the following 
day with deionlzed water. The saaple is then sonicated for 
2 hours in a capped vial, using a Beat Systems model 350 
sonlcator equipped wi«i an inverted cup (bath type) probe 
at the maximum setting while the bath is circulated at 
15-C. Alternatively, negatively charged vesicles can be 
prepared without sonlcatlon to produce multilamellar 
vesicles or by extrusion through nucleopore meaibranes to 
produce unilamellar vesicles of discrete sise. other 
15 methods are known and available to those of skill in the 
art. 

The present invention is described below in detail 
using the 23 examples given below; however, the methods 
described are broadly applicable as described herein and 
are not Intended to be limited by the Examples. 
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EXAHPia l: FREpARATZON OP LIPOSQKE-FORHZNG DOTAP 

The Catlonic liposome-fprming material 1,2- 
bls(oleoyloxy)-3-(trlnethylammonio)propahe (DOTAP) is 

25 prepared as reported by L. Stamatatos, et al. (supra) or H. 
Elbl, et al. (supra). 

Briefly, Stamatatos, et al. report that I mmol of 3- 
bromo-l,2-prppanediol (Aldridh) was acylated for 48 hours 
at 20*C with 3 tmol of oleyl chloride (freshly prepared 

30 from oleic acid and oxalpyl chloride) in dry, alcbhol-free 
diethyl ether (20 ml) containing 5 amol of dry pyridine. 
The precipitate of pyrldlnium hydrochloride was filtered 
off, and the fUtrate was concentrated under nitrogen and 
redissolved in 10 ml of hexane. The hexane solution was 

35 washed 3 times with an equal volume of i:i methanol/0.1 N 
aqueous NCX)ONa, pH 3.0, 3 times with 1:1 methanol/0.1 N 
aqueous NaOB, an dl time with 1% aqueous Had . The crude 
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3-broiiio-l,2-bis-(oleolylojcy)propan« vas then stirred for 72 
hours In a sealed tube with a solution of 15% 
triaethylaaine in dry dimethyl sulfoxide (30 ■!) at 25*c 
The products of this reaction yere dissolved in chlorofor^ 
5 (200 nl), irtiich vas repeatedly vashed with l:i aethanol/ioo 
m aqueous HCXWKa, pH 3.0, and then evaporated la v.cuo to 
yield a light yellow oil. This Mterial was purified on a 
column of silicic acid (Bio-Sil A, Bio-Had laboratories), 
eluting with a 0-15% gradient of methanol in cihlorof orm t^ 
give the desired product in pure form at 9-lo% methanol. 
The purified product was a colorless, viscous oil that 
migrates with an of 0.4 pn thin layer chromatography 
plates (silica gel C) that were developed with 50:15:5:5:2 
CHCl3/acetone/CH30^/CH3COO^/B20. 
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EXAMPIfi 2: PREPARATION PP PIASMIDS POR MAKIHG DNA 
TEMPLATES POR ANY GENE OP INTEREST 

Suitable template DNA for production of mRNA coding 
for a desired polypeptide may be prepared in accordance 
with standard recombinant DNA methodology. As has been 
previously reported (P. Kreig, et al., HUcleic Acids Res. 
12:7057-7070 (1984)), a 5' cap facilitates translation of 
25 the mwiA. Moreover, the 3' flanJcing regions and the poly A 
tail are believed to increase the half life of the mRNA la 
vivo. 

The readily-available 8P6 cloning vector pSP64T 
provides 5' and 3' flanJcing regions from ^-globin, an 
efficiently translated fiRKA. The construction of this 
plasmid is detailed hy xreig, et al. (supra), and is hereby 
incorporated by this reference. Any cDNA containing an 
initiation codon can be introduced into this plasmid, and 
aRNA can be prepared from the resulting template OKA. This 
particular plasmid can be cut with Bglll to insert any 
desired cDNA coding for a polypeptide of interest. 

Although good results can be obtained with pSP64T when 
linearised and then transcribed in vivo with 8P6 RNA 
polymerase, we prefer to use the xenppus ^-globin flanking 
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sequences of pSP64T with {ihage T7 rna polyaerase. These 
flanking sequences are purified from pSP64T as the small 
(approx. 150 bp) Hlndlll to EceRi fragment. These 
sequences are then inserted into a purified linear 
5 Hindlll/EcoRl fragment (approx. 2.9k bp) from piBl 3i 
(commercially avaUable from International Biotechnologies, 
Inc., Newhaven, Connecticut 06535) with T4 una ligase! 
Resulting plasmids, designated pXB6, are screened for 
orientation and transformed into E. coll. These plasmids 
are adapted to receive any gene of interest at a unique 
Bglll restriction site, vhicsh is situated between the two 
xehopus ^-globin sequences. 
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EXAMPLE 3: PREPARATIpM OP PIASMID CODING POR 
CHLORAMPHENICOL ACETYLXRANSFERASE 



A convenient marker gene for demonstrating in vivo 
expression of exogenous polynucleotides is cshloramphenicol 
acetyltransferase, CAT. A plasmld pSP-CAT containing the 
CAT gene flanked by the xenppus /J-globin S' and 3' 
sequences was produced by adding the CAT gene into the 
Bglll site of PSP64T, We used CAT gene in the form of the 
25 small BamHi/Hindlll fragment from pSV2-CAT (available from 
the American Type Culture Collection, Rockville, Maryland, 
Accession No. 37155). However, the CAT gene is commonly 
used in molecular biology and is available from numerous 
sources. Both the CAT Baaffll/Hlndlll fragment and the 
30 Bglli-cleaved pSP64T were incubated with the Klenow 
fragment to generate blunt ends, and were then ligated with 
T4 DMA ligase to form pSP-CAT. 

The small Pstl/Hindlll fragment was then generated and 
purified, lAidh comprises the CAT gene between the 5' and 
35 3' ^-globin flanking sequences of pSP64T. plBI3l 
(International BiotecShnologies, inc.) was cleaved with PstI 
and Hindlll, and the long linear sequence was purified. 
This fragment was then combined with the CAT-gene 
containing sequence and the fragments were ligated with T4 
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DNA ligase to forn a plasmid designated pT7CAT An. clones 
are selected on the basis of ^-galactosidase activity with 
Xgal and anpicillin resistance. 

5 EXAHPIi 4: PREPARATION OF PDRIFIED DNA TEMPLATE 

The plasmid DNA from Example 3 is grown up and 
prepared as per Maniatis (supra) , except without RKAse, 
using 2 CsCl spins to remove bacterial RKA. Specifically,' 
E. coll containing pT7CAT An f ros ExaBq;>le 3 was grown up i^ 
10 aapicillin-containing LB medium. The cells were then 
pelleted by spinning at 5000 rpm for 10 min. in a Sorvall 
RC-5 centrifuge (E.I. DuPont, Barbank, California 91510), 
resuspended in cold TE, pH 8.0, centrifuged again for 10 
mih. at 5000 rpm., resuspended in a solution of 5o mM 

15 glucose, 25 mM Tris-d pR 8,0, 10 mM EDTA, and 40 mg/ml 
lysozyme. After incubation for 5 to lo minutes with 
occasional inversion, 0.2 H NaOH containing l% SDS was 
added, followed after 10 minutes at 0* c with 3 M potassium 
acetate and 2 M acetic acid. After 10 more minutes, the 

20 material was again eentrifuged at 6000 rpm, and the 
supernatant was removed with a pipet. The pellet was then 
mixed into 0.6 vol. isopropanol (-20- C), mixed, and stored 
at -20* c for 15 minutes. The material was then 
eentrifuged again at 10,000 rpm for 20 min., this time in 

25 an BB4 swinging bucket rotor apparatus (DuPont, supra) 
after which the supernatant was removed and the pellet was 
washed in 70% EtOH and dried at room temperature. Next, 
the pellet was resuspended in 3.5 ml TE, followed by 
addition of 3.4 g CsCl and 350 ,il of 5 mg/ml EtBr. The 

30 resulting material was placed in a quick seal tube, filled 
to the top with mineral oil. The tube was spun for 3.5 
hours at 80,000 rpm in a VTiSO centrifuge (Beckman 
Instruments, Pasadena, California, 91051). The band was 
removed, and the material was eentrifuged again, making up 

35 the volume with 0.95 g CsCl/ml and 0.1 ml or 5 mg/ml 
EtBr/ml in TE. The EtBr was then extracted with an equal 
volume of TE saturated H-Butanol after adding 3 volumes of 
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TE to the band, discarding tha lapper phase until the upper 
I>hase is clear. Next, 2.5 vol. EtOH vas added, and the 
naterial vas precipitated at -20 c for 2 hours. a!he 
resultant DNA precipitate is used as a DNA ten^late for 
5 preparation of nRMA Xa vitro. 
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EXAMPIB 5: PREPAKATION OF aSNA FOR TRANSFECTION 

The DNA from Exas^le 4 vas linearized downstream of 
the poly A tail vith a 5-fold excess of Pstl. The 
linearized DNA yas then purified with two Jhenel/dhloroform 
extractions, followed by two chloroform extractions. DNA 
was then precipitated with NaOAc (0.3 m) and 2 volumes of 
15 EtOH. The pellet was resuspended at about l mg/ml in DEP- 
treated deionized water. 

Next, a transcription buffer was prepared, comprising 
400 aOf Tris HCl (pH 8.0), 80 BM MgCl2, 50 UN DTT, and 40 AM 
spermidine. Then, the following xuterials were added in 
20 order to one volume of DBP^treated water at room 
teinperature: I volume T7 transcription buffer, prepared 
above; rATP, rCTP, and rOTP to 1 mM concentration j rGTP to 
0.5 SM concentration; 7me6(5')ppp(5')6 cap analog (New 
England Biolabs, Beverly, Massachusetts, 01951) to 0.5 tiH 
concentration; the linearized DMA template prepared above 
to 0.5 mg/ml concentration; KNAsin (Promega, Madison, 
Wisconsin) to 2000 U/ml concentration; and T7 RNA 
polymerase 5(N.B. Biolabs) to 4000 U/ml concentration. 

This mixture was incubated for 1 hour at 37 c. The 
30 successful transcription reaction was indicated by 
increasing cloudiness of the reaction mixture. 

Following generation of the tiRNA, 2 D SQl DNAse 
(Promega) per microgram of DNA template used was added and 
was permitted to digest the teaqplate for 15 minutes. Then, 
35 the RNA was extracted twice with cShloroforVPbenol and 
twice with bhlorofon. The supernatant was precipitated 
with 0.3 M NaOAe in 2 volumes of EtOH, and the pellet was 
resuspended in 100 /il DEP-treated deionized water per 500 
Ml transcription product. This solution was passed over an 
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RNAse-free Sephadex G50 colvmn (Boehrlnger Hannhela «ioo 
411). The resultant >RNX vas «ifficiently pure to be used 
in transfection of vertebrates in vivo, 

5 

EXAMPIE 6: PREPARATION OF LIPOSOMES 

A number of liposome preparation methods can be used 
to advantage in the practice of the present invention, one 
10 particularly preferred, liposome i. made from DOTAP as 
follows: 

A solution of 10 mg dioleoyl phosphatidylethanolamine 
(PE) and 10 mg DOTAP (from Example 1) in I ml caHoroform is 
evaporated to dryness under a stream of nitrogen, and 
15 residual solvent is removed under vacuum overnight. 
Liposomes are prepared by resuspending the lipids in 
deionized vater (2 ml) and sonicating to clarity in a 
closed vial. These preparations are stable for at least 6 
months. 

20 Polynucleotide complexes were prepared by mixing 0.5 

ml polynucleotide solution (e.g., from Example 5) at 0.4 
mg/ml by slow addition through a syringe with constant 
gentle vortexing to a 0.5 ml solution of sonicated DOTMVPE 
or DOTAP/PB liposomes at 20 mg/ml, at room temperature. 

25 This procedure results in positively charged complexes 
Which will spontaneously deliver the polynucleotide into 
cells la vivo. Different ratios of positively cSharged 
liposome to polynucleotide can be used to suit the 
particular need in any particular situation. 

30 Alternatively, as reported by Feigner, et al. (supra), it 
»ay be advantageous to dUute the polynucleotide (ONA or 
SKA) with Hopes buffered saline (150 mM Kacii 20 mN Bepes, 
PH 7.4) prior to combining the materials to spontaneously 
form liposome/polynucleotide complexes, m many instances 

35 however, the use of solutions having low ionic strength 
(such as sucrose) instead of saline solution is believed to 
be preferable; in particular, it is believed that subh 
solutions facilitate delivery of polynucleotide to the cell 
by minimising precipitation of polynucleotide/lipid 
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EXftMPLE 7: IN VIVO EXFRESSIOlf OP LIPOSOHALLY AND NOH- 
LIPOSaKAXI.Y nmtODDCED fiRNA IN THE RAT 

The ability of ARNA coding for chlonunjihenicol acetyl 
transferase (CAT) to transfect cells in vivo and the 
subsequent expression of the CAT protein vas demonstrated 
by directly injecting 0.200 wi of each of the formulations 
belov, prepared as indicated, into the abdominal muscle of 
rats, forming a bleb, six replicates of each formulation 
were tested. After 12 to 14 h, the segment of the 
abdominal muscle into %ihicsh the injection vas made, 
weighing approximately o.l to 0.2 grams, vas excised! 
minced, and placed in a 1.5 ml disposable mortar (Kontes, 
Morton Grove, Illinois) together with 200 pi of the m 
agueous formulation having the following components: 20 mH 
Tris, pH 7.6J 2 ttM Mgcijj and 0.1% Triton X-lOO surfactant. 
The contents of the mortar were then ground for 1 minute 
with a disposable pestle. The mortar was then covered 
(with Parafilm) and placed in a 1 liter Parr cell disrupter 
bomb (Parr Instrument Company, Moline, Illinois) and 
pressurized to 6 atmospheres with nitrogen at 4-c. After 
30 minutes, the pressure was quickly released to disrupt 
the tissue and produce a exude lysate. The lysate was then 
centrifuged in a microcentrifuge at 13,000 rpn, 4-c, for 10 
minutes. The supernatant was then decanted and stored at- 
20*C until analyzed. 

The lysatee were then assayed for the presence of the 
CAT protein l»y thin-layer chromatography. First, 75 ,,1 of 
each saxqple (the supernatant prepared above) was incubated 
for two hours at 37-C with 5 pi c" caaoramphenicol 
(Amersham) j 20 «tl 4 mH Acetyl CoAi and 50 pi 1 M Tris, pH 
35 7.8. Thereafter, 20 ^1 of 4 sH Acetyl CoA was added, and 
the mixture was again incubated for 2 hours at 37 'C. The 
resulting solution was extracted with l ml EtOAc, and the 
organic phase was removed and lyophilized in a vacuum 
centrifuge (SpeedVac, Savant Co.), The pellet was 
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resuspended In 20 pi EtOJkc, and m spotted onto a silica 
gel thin layer chromatography plate. The plate vas 
developed for 45 ainutes in 95% cshloroforVSt methanol, vas 
dried, and vas sprayed vith a radioluainescent indicator 
5 (Enhance Spray for Surface Radiography, Nev England Nuclear 
Corp.). The plate vas then sandviched vith Xbdak XAR5 film 
with overnight exposure at -70-C, and the film vas 
developed per manufacturer's instructions. Tbe following 
results vere obtained: 
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^^^^^ nRWA Bv»T.^«.,iTrn 

(Ho. positive/total) 

^ 1. 1 ml Optimem;37.5 ng DOTHH o/^ 
15 2. 1 ml Optimeaj 15 /<g CAT HHA V/l 

!' r^P?.^**^**" ^ 15 '•^ CAT HKA l/l 

4. 10% Sucrose; 37.5 pg DOTMA; 15 pg CAT HNA 3/6 

5. 10% Suerosei 187 |.g DOTMAj 75 |ig CAT RNA 0/6 

CAT RHA: From Example 5 

J^^^ ^ OEPC-treated RNAse-f ree water 
(international Biotechnologies, lius.. Hew Haven, CT 06535). 



EXAMPLE 8: mRHA WOTIATIOH OF HICB TO I>BODDCB THE 
30 gpl20PROTEIH OF HIV VZBDS «WBOCB TBE 

A liposomal formulation containing mRHA coding for the 
gpl20 protein of the HiV virus is prepared according to 
Examples I through 5, exc^t that the gene for gpl20 

35 (pllleny3-l from the Aids Research and Reagent Program, 
Rational Institute of Allergy and Infectious Disease, 
Rocfcville, MD 20852) is inserted into the plasmid pXBG in 
the procedure of Example 4. A volume of 200 nl of a 
formulation, prepared according to Example 6, and 

40 containing 200 pg/ml of gpi20 mRKA and 500 |ig/ml ixl 
DOTAP/PE in 10% sucrose is Injected into the tail vein of 
aice 3 times in one day. At about 12 to 14 h after the 
last injection, a segment of muscle is removed from the 
injection site, and prepared as a cell lysate according to 
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Exaaple 7. *The HIV specific protaia gpl20 is identified in 
the lysate also according to the procedures of Escaaple 7. 

The ability of gpl20 antibody present in senm of the 
nRNA vaccinated nice to protect against HIV infection is 
5 determined by a HT4-6C plaqae reduction assay, as follows: 
HT4-6C cells (CD4+ HeLa cells) are tibtained from te. 
Bruce Chesebro, (Rocky Mountain National Iab« Montana) and 
grown in culture in RFHZ media (BRL, Caithersburg, HD). 
The group of cells is then divided into batches, some of 
10 the batches are infected with HIV by adding approacimately 
105 to 10« infectious units of HIV to approacimately 10^ 
HT4-6C cells, other batches are tested for the protective 
effect of gpi20 immune serum against HIV infection by 
adding both the HIV and approximately 50 /il of serum from a 
15 mouse vaccinated with gpl20 dRMA. After 3 days of 
incubation, the cells of all batches are washed, fixed and 
stained with crystal violet, and the nuinber of plaques 
counted. The protective effect of gpi20 immune serum is 
determined as the reduction in the nuinber of plaques in the 
batches of cells treated with both gpi20 a«NA-vaccinated 
mouse serum and HIV compared to the number in batches 
treated with HIV alone. 

25 warns 9: MRK A VACd HATIOIT OF BmAN STEM CBLL-BEASIH6 
SCID MICE WITH WBF WOi FOU0IIED BY HIV CHALISH6B 

Severe coxabined immunodef icient mice (SCID mice 
(Molecular Biology Institute, (MBI), La Jolla, Ck 92037)) 
30 were reconstituted with adult human peripheral blood 
lymphocytes by injection into the peritoneal cavity 
according to the method of Mosier (Hosier et al.. Mature 
335:256 (1988)). Intraperitoneal injection of 400 to 4000 
infectious units of HIV-l was then performed. The mice 
were maintained in a P3 level animal containment facility 
in sealed glove boxes. 

MRKA coding for the nef protein if HIV was prepared by 
obtaining the nef gene in the form of a plasmid (p6H92, 
from the HIAID, Hockville, MD 20852) ? removing the nef 
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gen. tr« the pl,^, Inserting th. „.f ,.„. ^ pxBG 
f„ trmseription, ««, purityl», th. tr«.crlption 
product «M« „ a«crl*.d to , throu* 5. tt^ 

«f MWa »« then tncotpontl into . foima.tlon .ccerdin, 
S to Bawl, 6. 300 Wcrolltwr fU v*in Injection, of . 10% 
■ucroM .olntlon eontiining 300 ng/^ HW SUA md soo ug/m 
1.1 DOTAPSPOPB (in SHVllpoeoii. coiwX«c (or.) wr. 
pwforned daily on ewl«ntia MOmrt., «ai. control 
« lU^lM lnject«l «ith sm/lipoeo- eoiipl«c 

10 eonteinin, 200 v^mH y«»t tsm soo »g/rt 1,1 

»oi*P/DOPE lipoeon... At 2. 4 . .eek. poet inj^^ion. 
MOPV >p«:l>en« v.r. abtained txpm lnJ«*«J i™,tald 
organs and preparwJ for l»ininohlstoche.dstry. »t the am, 
tiwi^polnf, blood «„«,le. were obtained ««, assayed for 



P24 levels by »eans of an EUSA kit (Abbott Labs, caHcago 
IL) and virus titer by the plaque assay of Example 8 
l»»unostaining for HlV-l va. performed as describe; 
(Haaikawa et al., science 242:1684 (1988)) using polyclonal 



seru. fro. . hiv infected paUent. Positive ceUs ver. 

! i —ay. .t least 

a 2 fold reduction in the nuiAer of pMitive Gaining cell. 

«LI^T**/^ • "pression „s 

25 a ^derate anti-viral effect of the (m »iv„) tre.t«„t. 

A volu« Of 200 pi Of the for«alation. containing 200 
/.g/»l of ».f .SHA. and SOO ,g/irt 1,1 DOTAP.DOPE In 10% 
»»ero.e is iiijected into the taU vein of the tanan stoi 
JO ^iiiT'!?'^ *™ -ice 3 ti«. in on. day. PoUowing 

**» by infection with J 

•tf^v. doM Of HIV Virus. saivles Of blood are 
P«:iodically withdrawn fro. the taU vein and a»nitored for 
production of the ch.ract«rl.tio HIV protein p24 by m 
ELISA kit assay (Abbott labs, Chicago, IL). 
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mHFIS 10: A MBZHOD OF IB0IVIDZH6 ASEHOSIRB UEJiKIShSE 
TO KZCB B¥ IM VZVp SiaQk TBMaSTBCIIXm 

The full-length sequence for the cDNA of the huaan 
5 adenosine deaainase (ADA) gene is Obtained from the 1,300 
bp Ec6Rl-AccI fragment of clone ADA 211 (Adrian, 6. et al. 
Itol. Cell Biol. 4:1712 (1984). It is blunt-ended, ligated 
to Bglll linlcers and then digested with Bgliz. The 
modified f ragmwit is inserted into the Bglll site of pXB6. 

10 ADA aRNA is transcribed and purified according to Examples 
2 through 5, and purified ADA aSKA is incorporated into a 
formulation according to Bxaaqple 6. Balb 3T3 aice are 
injected directly in the tail vein with 200 |il of this 
foraulatioh, containing 200 |ig/al of ADA aSMA, and 

15 500 #ig/ml DOTAP in 10% sucrose. 

The presence of human ADA in the tissues of the liver, 
slcin, and muscle of the mice is confirmed by an isoelectric 
focusing (lEF) procedure. Tissue extracts vere 
electrofocused between pH 4 and 5 on a non-denaturing gel. 

20 The gel was then stained for in situ ADA activity as 
reported by Valeric, D. et al. fisDft 31:137-143 (1984). 

A preliminary separation of human and non-human ADA is 
carried out by fast protein liquid chromatography (FPLC) . 
The proteins are fractionated on a Pharmacia (Piscataway, 

25 NJ) MonoQ column (HR5/5) with a linear gradient from 0.05 
to 0.5 M KCl, 20 mM Trie (pH 7.5) . Activity for ADA within 
the fractions is measured by reacting the fractions with 
^^C-adenosihe (Amersham, Chicago, IL) whiA is converted to 
inosine. Thin layer bhromatography (0.1 M HaPi pH 6.8 

30 saturated ammonium sulfate:n-propylalc6hol/l00:60:2) is 
used to separate the radioactive inosine from the substrate 
adenosine. 

35 EXAMPLE 11: IM VIVO EXPRESSION OP FORE RNA AND DNA 
INJECTED DIRECTLY INTO THE MDSCLES OF MICE 

The quadriceps auscles of mice were injected with 
either 100 itgraas of pRSVCAT DNA plasmid or 100 digrams of 
40 ^gCATipgAn RNA and the muscle tissue at the injection site 
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later tested for CM? activity. 

Five to six week old female and sale Balb/C nice were 
anesthetized by intraperitoneal injection with 0.3 ai of 
2.5% Avertin. A 1.5 cm incision was made on the anterior 
5 thigh, and the quadriceps wiscle was directly visualized. 
The DKA and liNA were injected in O.l al of solution in a 
icc syringe through a 27 gauge needle over one ainute, 
approximately 0.5 cm from the distal insertion site of the 
nuscle into the knee and about 0.2 cm deep, a suture was 
10 placed over the injection site for future localization, and 
the slcin was then dosed with stainless steel dips. 

3T3 mouse fibroblasts were also transfected in vitro 
with 20 iig of DNA or SNA complexed with 60 |»g of 
Lipofectin'? (BRL) in 3 ml of Opti-Mem" (Gibco), under 
15 optimal conditions described for these cells (Halone, R. et 
Proc. Nat>l. Aead- fiM , ^y^ ft 86:6077-6081(1989) . She 
same fibroblasts were also tranifected using calcium 
phosphate according to the procedure described in Ausubel 
et al.tEds) Current Protocols In KnT^eni,^ ftlTrlT TT TV , J6hn 
20 Wiley and Sons, New York (1989) . 

The pRSVCAT DNA plasmid and ^gCAT^^An were 
prepared as described in the preceding examples. The RKA 
consisted of the chloramphenicol acetyl transferase (CAT) 
coding sequences flanked by 5' and 3' ^-globin untranslated 
25 sequences and a 3' poly-A tract. 

Muscle extracts were prepared by excising the entire 
quadriceps, mincing the muscle into a 1.5 ml micrptube 
containing 200 pi of a lysis solution (20 ttM Tris, pR 7.4, 
2 mN I!gci2 and 0.1% Triton X), and grinding the muscle with 
30 a plastic pestle (Xontes) for one minute. m order to 
ensure complete disruption of the muscle cells, the muscle 
tissue was then placed under 600 psi of Nj in a bomb (Parr) 
at 4-C for 15 min before releasing the pressure. 

Fibrbblasts were processed similarly after they were 
trypsinized off the plates, taken up into media with serum, 
washed 2X with PBS, and the final cell pellet suspended 
into 200 Ml of lysis solution. 75 m1 of the muscle and 
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flbpbblast extracts vere assayed for aa activity by 
incubating the reaction mixtures for 2 hours with c^*- 
chloranphenicol, followed by extraction and thin-layer 
chromatography, all as described in Example 7. 
5 Figure l comprises autoradiograms from two separate 

ea^eriments showing CAT activity within extracts of the 
injected quadriceps muscles. Lane nuaibers appear at the 
top of the autoradiograms and the % cfaloraiqflienicol 
conversions are at the bottom. Sample locations are as 
10 follows: 

Lanes 1 and 13: control fibrbblasts 
Lanes 2 and 14: Huscle injected only with 5% sucrose 
Lanes 3 and 15: 0.005 units of non-injected, purified CAT 

standard 

15 Lanes 4 and 16: 0.05 units of purified CAT (Sigma) 

Lanes 5 to 8: Huscle injected with lOO pg of igCAMaA« 

RNA in 5% sucxose " 



30 



35 



40 



Lanes 11, 12, 



and 17 to 20: Huscle tojected with loo pgrams pRSVCAT 

DNA in 5% sucrose 
Lanes 9 and 10: 20 pgrams of ^gCJlT^gA„ RKA, lipofected, 

with 60 ^grams of DOTHA, into a 70% 
T*«— confluent 60 mm plate of 3T3 cells ( lo«) 

Lanes 21, 22: 20 /igrams of i«SVCAT lipofected, with 60 

Pf o« DOTMJl, into a 50% confluent 60 mm 
plate of 3T3 cells 

iSofertid^iito Phosphate 

a 50% confluent 60 am plate of 3T3 cells. 
CAT activity was readily detected in all four BHA 
Injection sites 18 hours after injection and in all six DNA 
injection sites 48 hours after injection. Extracts from 
two of the four BHA injection sites (Figure l, lanes 6 and 
8) and from two of the six DNA injection sites (Figure 1, 
lanes li end 20) contained levels of cakT activity 
cosparable to the levels of CAT activity obtained from 
fibrbblasts transiently transf acted la vitro under optimal 
conditions (Figure 1, lanes 9, 10, 21-24). The average 
total amount of CAT activity expressed in muscle was 960 pg 
for the RNA injections and 116 pg for the DNA injections. 
The variability in CAT activity recovered from different 
muscle sites probably represents variability inherent in 
the injection and extraction teeshnique, since significant 
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varlabillty was observed lAen pore CAT protein or pRSVCAT- 
transfected fibroblasts vera iajeeted into the aniscle sites 
and ianediately excised for aeasureaent of CAT activity 
CAT activity vas also recovered fro. abdominal nusde 
5 injected with the KKA or DliA CAT vectors, indicating that 
other auscle groups can take up and express 
polynttcleotides. 

EXAMPLE 12: SITE OP IK VIVO EXPRESSION OP PORE DMA 
^° IKJECTBD DIRECTLY IHTO THE MDSCLBS OTMICE 

The site of gene expression in injected auscle was 
determined by utilizing the pRSVLac-2 dra vector (p. Norton 
and J. Coffin Mrtgg, Cgll B1t>1.. 5:281-290 (1985)) 

15 expressing the B. coll ^-galactosidase gene for injection 
and Observing the ia situ cytocsheaical staining of auscle 
cells for E, cell B-galactosidase activity. The quadriceps 
auscle of aiee was exposed as described in the previous 
exaarple. Quadriceps ausdes were injected once with 100 jig 

20 of pRSVLAC-2 miA in 20% sucrose. Seven days later the 
individual quadriceps auscles were reaoved in their 
entirety and every fifth 15 cross-section was 

histocheaically stained for ^-galactosidase activity. 

The auscle biopsy was frozen in liquid Ha-cooled 

25 isopentane. 15 pa serial sections were sliced using a 
cryostat and placed iaaediately on gelatinized slides. The 
slide were fixed in 1.5% glutaraldehyde in PBS for 10 
ainutes and stained 4 hours for ^-galactosidase activity 

^ (J. Price et al. Pr^>c. Katn Arad. 84:i56-i60 

30 (1987) . The auscle was counterstaihed with eosia. 

The {Photographed sections (Pigure 2) are as follows: 

control auscle iaieeted wl«» . 
solution containing only 20% sucrose, itx SJSiiiSatiiS^ 

^RSVLacz'^^ei'^^ U?*^***:??? ■ injected with 

?5firti^ely. «*tgnification, 

40 p^Ulic2?"lwS?^^ injected with 
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tSt^Sa ^l^'c kpSS!*^ croM-ection. of the .a»e muscle 

J^rpxlmately 60 uuscle cells of the approximately 
5 4000 cells (1.5%) that caaprise the entire quadriceps and 
approximately 10-30% of the cells within the injection area 
were stained blue (Figures 2B, C, and D); Control muscle 
injected with only a 20% sucrose solution did not show any 
background staining (Figure 2A). Positive ^-galactosidase 
staining within some individual muscle cells ifas at least 
1.2 mm deep on serial cross-sections (Figures 2F, 6, and 
H), whidh may be the result of either transfection into 
multiple nuclei or the abUity of cytoplasmic proteins 
expressed from one nucleus to be distributed widely within 
15 the muscle cell. Longitudinal sectioning also revealed fi- 
galactosidase staining within muscle cells for at least 
400/,m (Figure 2E) . In cells adjacent to intensely blue 
cells, fainter blue staining often appeared in their 
bordering areas. This most likely represents an artifact 
20 of the histocihemicai ^-galactosidase stain in lAidh the 
reacted X-gal product diffuses before precipitating. 
Similar results are obtained with linear UNA. 

EXAMPCE 132 DOSE-RESPONSE EFFECTS OF RNA AMD DNA 
INJECTED INTO HDSCIfS OF MICE 

Experiments with the firefly luciferase reporter gene 
(UJC) explored the effect of parameters of dose level and 
time on the total luciferaae extracted from injected 
30 muscle. 

The SNA and OKA vectors were prepared, and the 
quadriceps muscles of mice injected as previously 
described. Muscle extracts of the entire quadriceps were 
prepared as described in Example ll, except that the lysis 
35 buffer was lOOidH KPi pB 7.8, 1 tiH DTT, and 0.1% Triton X. 
87.5 111 of the 200 i»l extract was analyzed for luciferase 
activity (J. de Wet et al. Molee. c^n t.^^^, 7.725. 
737(1987)) using an LKB 1251 luminometer. Light units were 
converted to picograms (pg) of luciferase using a standard 
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curv. established by aeasuring the light units produced by 
purified firefly lueifera.e (Analytical Luminescence 
Laboratory) within control susde extract. The RNA and DNA 
preparations prior to injection did not contain any 
5 contaaihating luciferase activity. Control auscle injected 
with 7Q\ sucrose had no deteetabla luciferase activity. 
All the above experiaents vers done tvo to three tines and 
specifically, the UNA tiae points greater than 40 days were 
done three tiaes. 

10 The Figures 3 A to 3 c illustrate the results of the 
following: 

20% sucrose were injected into quadriSeps. " ^ 

A- LgVel of Bene gvni-o««^Ty,| 

A dose-response effect was observed ^Aien quadriceps 
auscles were injected with various aaounts of ^gLuc^gA„ BiiA 
or DKA pRSVL constructs (Figure 3A) . The injection of ten 
tiaes acre dka resulted in luciferase activity increasing 
approxlaately ten-fold froa 33 pg luciferase following the 
injection of lo ng of DNA to 320 pg luciferase following 
the injection of 100 ng of dka. The injection of ten tiaes 
35 nore SNA also yielded approxiaately ten tiaes acre 
luciferase. A alllion 3T3 aouse fibroblasts in a 60 aa 
dish were lipofected with 20 m9 of DKA or RNA eoa^lexed 
with 60 pg of Upofectin • (Bethesda Research Labs) in 3 al 
Of Opti-MEM- (Gibco). Two days later, the cells were 
assayed for luciferase activity and the results froa four 
separate plates were averaged. Twenty pg of pRsVL DKA 
transf acted into fibroblasts yielded a total of 120 pg of 
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luciferase (6 pg lucifcrase/Mg UNA) , while 25 /.g injected 
into Busele yielded an average of 116 pg of luciferase (4.6 
pg Ittcif erase/Mg DNAf Figure 3A) . •the eaepression from the 
»NA vectore was approximately seven-fold more efficient in 
5 transf acted fibroblasts than in injected muscles. Twenty 
i»g of ^gLttc^gAn SNA transfected into fibroblasts yielded a 
total of 450 pg of luciferase, i»hUe 25 |ig injected into 
muscle yielded 74 pg of luciferase (Figures 3A and 3B). 
Based on the amount of UNA delivered, the efficiency of 
10 expression from the ORA vectors vas simUar in both 
transfected fibroblasts and injected muscles. 
B. Tine Course at it mressjon 

The time course vas also investigated (Figures 3B and 
3C). iMcif erase activity vas assayed at varying times 
15 after 25 /ig of ^gLuc^gA„ RKA or 100 |ig of pRSVL DNA vere 
injected. Following UNA injection, the average luciferase 
activity reached a maximum of 74 pg at 18 hours, and then 
guickly decreased to 2 pg at 60 hours. m transfected 
fibroblasts, the luciferase activity was maximal at 8 
20 hours. Following DNA injection into muscle, substantial 
amounts of luciferase vere present for at least 60 days. 

The data in Figure 3B suggest that luciferase protein 
and the la vitro RMA transcript have a half-life of less 
than 24 hours in muscle. Therefore, the persistence of 
luciferase activity for 60 days is not likely to be due to 
the stability of luciferase protein or the stability of the 
la vivo KNA transcript. 

30 XHJECnOH AS DETERMHIED by SOUTHERN BLOT ANALYSIS 

Preparations of muscle DNA vere obtained from control, 
uninjected quadriceps or from quadriceps, 30 days after 
injection vith lOO pg of pRSVL in 20% sucrose. Two entire 
35 quadriceps muscles from the same animal vere pooled, minced 
into liquid H2 and ground vith a mortar and pestle. Total 
cellular DNA and HIRT supematants vere prepared (F.M, 
Ausubel et al.(Eds) Current Protocols \r. if..i^^ ,i,^ 
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John Wiley, Mew York (1987). Fifteen of the total 
cellular DNA or 10 ^1 out of the loo pi of BZRT «xpematant 
were digested, run on a 1.0% agarose gel, transferred to 
Hytran^ (Schleicher and ScShuell, Mev York), using a 
5 vacublot apparatus (LKB) and hybridised with »ultipri»ed 
"P-luciferase probe (the Hindlll-BajUHl fragment of ppsVL) . 
Following hybridization overnight, the final wash of the 
aenbrane was with 0.2X BSC containing 0.5% 8DS at 68-c. 
Kodak XAR5 f ila was exposed to the aeabrane for 45 hours at 

10 -70*C. 



Lane 1 
15 Lane 2 
Lan^ 3 
Lane 4 



35 



0.05 ng of undigested pKSVL plasald 
0,i05 ng of Baofil digested pRSVL 
Blank 



JMHI^ digest of HIRP supernatant froa control 

Lanes 6,7: BjaHl digest of HIRT supernatant froa two 
different pools of pRSVL injected auselfis 

Lanes 8,9: Bm^HI digest of cluular DSTteoTtSj Sifferent 
r»R T pools of PRSVL injected ausde currerent 

25 Lane lO: ^Igjr DNA (saae as Lane 9) digested with BaaHl 

30 }?: £$ii'^*' ^ digested with Bglll 

30 Lane 13: HIRT supernatant digested with Bglii 

(Size markers (A/Hindlll) are shown at the left) . 

Southern blot analysis of ausde OSh i«di«^te8 that 
the foreign pRSVL lauk is present within the ausde tissue 
for at least 30 days (Figure 4, lanes €-9) and is siailar 
to the levels of DNA present in muscle two and 15 days 
following injection. la auscle ONA digested with BaaRl 
(which cuts PRSVL once; Figure 4, lanes 6-9) , the presence 
of a 5.6 kb band that corresponds to linearized pRSVL 
40 (Figure 4, lane 2) suggest that the DNA is present either 
in a circdar, extrabhroaosoaal fora or in large tandem 
repeats of the plasaid integrated into chroaosoae. in 
muscle DNA digested with Bglll (irtiich does not cut pRSVL), 
the presence of a band saaller than 10 kb (Figure 4, lanes 
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12 and 13) and at tha saaa sisa as tha opan, circular form 
of tha plasBid pRSVL (Figura 4, lana l) iapiia. that tha 
DMA Is present axtraehrcBDsoBally In an open, circular 
form, the appearance of the pRSVL in HIRP supematants 
(Figure 4, lanes 6, 7, and 13) and in bacteria rendered 
anpicillin-resistant folloving transforaation with HIRT 
supematants also suggest that the dna is present 
unintegrated. Although the .ajority of the exogenous DNA 
appears to be extrachraaosoDal, lev levels of cshronosonal 
integration cannot be definitively excluded. Overexposure 
of the blobs did not reveal .Dears of hj^ridizing ona 
larger than the 10 kb that would represent plasaid DKA 
integrated at random sites. The sensitivity of the pRsvL 
DMA is muscle to DPNI digestion (Figure 4, lane lO) and its 
resistance to Mbol digestion (Figure 4, lane 11), suggests 
that the DNA has not replicated within the muscle cells. 

EXAHPEE 15: IN VIVO EXPRESSION OF PORE DNA IMEIANTED 
DIRECTLY INTO THE MaSCI£ OF MICE 

PRSVL DNA was precipitated in ethanol and dried. The 
pellet was picked up with fine forceps and deposited into 
various muscle groups as described in the preceding 
examples. Five days later the mi^cle was analyzed for 
lucif erase activity as described in Example 13. The DNA 
was efficiently eaQ>ressed in different muscle groups as 
follows: 



Iinplant: 
25 pg pRSVL DNA 



Lucif ^se Activity (Light Units, LD) : 
control Biceps calf Quadriceps 



428 

453 



46420 

53585 
1171 
53397 
499 



27577 
34291 
106865 
105176 
40481 



159080 
35512 



40 



™^ -^J^^^ i^-^* ^ «n^6: INTRATRACHEAL 

EJECTION OF DNA, DNVCL COMPLEXES OR PURE^^ 
PROTEIN 
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The DNA lucif erase vector (pRSVL), conplexed with 
Lipofectin", was injected intratradheally into rats either 
in 20% sucrose (2 rats) or in 5% sucrose (6 rats). two 
days following the injection, the rat lungs were divided 
5 into 7 sections: ML, Ml., SDL, HHL, »LL, AL, (defined as 
follows) and Trachea. The rat lung differs from that of 
the human in having one large left lung off the left aain 
broncShus. The left lung for this study was cut in half 
into a left upper part (UJL) and left lower part (LLL). 
10 The right lung contains 4 lobess rl^t cranial lobe (RDL) , 
right Biddle 16be (RML) , ris^t lower 16be ( (rll) , and an 
accessory lobe (AL) . Extracts were prepared by mincing 
these lung parts into separate 1.5 ml microtubes containing 
200 Ml of a lysis solution (20 mN Tris, pH 7.4, 2 aM Mgdj 
15 and 0.1% Triton X), and grinding the lung with a plastic 
pestle. (Kontes) for one minute. In order to ensure 
complete disruption of the lung cells, the lung tissue was 
then placed under 600 psi of N2 in a Parr bomb at 4*c for 
15 minutes before releasing the pressure. Luciferase 
assays were done on 87.5 |il of lung extract out of a total 
volume of about 350 m1* 



20 



25 



Injection 



HoOc 

25 Jig CNA alone 

25 iig pNA alohe 

250 |ig SNA alone 
30 250 itg DNA alone 

250 pg UNA alone 

25 |ig DNA/GL 

25 |ig DKA/O* 

25 jtg DNA/CL 
35 25 |ig DHA/CL 

25 pg DNA/CL 

25 /ig DNA/Ct 

Luc Protein 

3x10* l.u. 
40 BlanJc 22.5 



RDL 


RLL 


LDL 


XML 


22.6 


22.4 


21.9 


21.3 


21.2 


21.5 


21.8 


21.6 


21.7 


21.4 


21.3 




21.7 


23.2 


21.9 


28.5 


22.9 


22.5 




23.0 


21.8 


21.5 


21.8 


20.4 


20.8 


22.2 


19.6 


22.3 


22.9 


22^0 


22.7 


21.7 


22.2 


23.8 


22.1 


23.9 


20.9 


20.9 


20.9 


20.6 


19.8 


20.0 


20.3 


20.2 


20.5 


20.5 


19.8 


19.5 


105.3 


77.1 


98.7 


80.0 



Trachea 



20.1 


19.8 




21.9 


21.2 




22.2 


21.5 




22.6 


22.0 


21.3 




24.3 


21.5 


20.7 


20.8 


20.7 


22.3 


22.0 




22.8 




22.18 


22.8 




21.6 


20.3 




19.3 


20.1 


20.3 


20.1 


19.9 


19.9 


19.8 


86.3 


89.6 


178.9 



Sf"^ Sf^?^? ***** received 25 ^g 

or DNA in 0.3 ml 20% sucrose into the esophagus. (A samole 
containing only water yields 22.5 l.u.) 
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10 



30 



^t4.t^4, ^ represent separate aninals that received 

iS«S! injections of 25 Kg of pPGKLuc in O.rS 20% 

25 <ig DwyCL: represent separate aninals that received 
iiipofectln" in 0.3 al 5% sucrose. 

The above animals vere sacrificed and lung extracts 

prepared 2 days after injection. ^ extracts 

Iws Protein lO* l.u.x represents an aniaal that received 
,K S?* •quivalcmt of 30,000 light units (l.u.) of puriflS 
ficrSJcel;* ^» ^SliSS 

The luciferase activity in the 25 pg una alone and the 
25 |ig vm/CL groups of animals were not greater than that 

20 in the aock aniaal; however, in the 2So nwa m^^y,^ 
aniaals, three lung sections shoved saall but reliably 
elevated l.u. activity above control lung or blanks (Bold, 
underlined). Duplicate assays on the saae extract 
confixaed the result. Experience with the um 1251 

25 luainometer indicates that these values, although just 
above background, indicate real luciferase activity. 



EXAMPia 17: U7CZFERASB ACTIVITY IH MODSE LIVER 

DUtECTLY INJECTED WITH DNA FORMDLATIONS 



The ONA luciferase expression vector pPGKLuc was 
injected intrahepatically (IH) into the lower part of the 
left liver 16be in aice. The pPGKLuc DNA was either 
injected by itself (450 Mg DNA in l.O al 20% sucrose) or 

35 conrplexed with Lipofectin* (50 ng WIA ♦ 150 pg Lipofectin* 
in 1.0 al 5% sucrose) . Three days following injection, the 
left liver lobe was divided into two sections (a lower part 
where the 16be was injected and an iqpper part of the Itibe 
distant from the injection site) and assayed for luciferase 

40 activity as described in the preceding exaaples. 
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35 



40 



5 Blank (20.2 US) 

control: 20% Sucrose Only 20.8 . 

50 pg ppcacLttc + Upofectln 35.A ff*? 

50 /ig pPGKLuc + Upofectln 38.1 fl't 

in fS^**' pPGKLuc + Upofectln 22.1 It'i 

10 450 |ig PPGKLuc 43J 2J*2 

«Oj,g PPGKLUC IH 

450 |»g PPGKLuc Sit? JJ.g 

Two of the three animals that received the pure 
15 pPGKIttc Injections and two of the three animals that 
received pPGKIac + Upofectln* Injections had luclferase 
activity significantly above background (bold, underlined) 
The lower part of the liver lobe, whldh was directly 
Injected, had larger amounts of luclferase activity than 
20 the upper part, %tolch was distant from the Injection site. 
Similar results have been obtained using pRSVCAT mfk 
expression vector and CAT assays. Luclferase activity was 
not detected three says after similar preparations of 
PPGKLUC (+ and - Upofectln-) were Injected into the portal 
25 circulation of rats. 

^XMfPLE 18: EXPRESSION OP GROKTH HOKMONE GENE 
3Q INJECTED INTO LIVER AND MDSdS 

Mice were Injected with the pXGB5 (metalothionlen 
promoter-growth hormone fusion gene) ( selden Ricihard et 
Mfflgg* CfIT Biffl , 6:3173-3179 (1986)) in both liver 
and muscle. The mice were placed on 76 mM sine sulfate 
vater. Later the animals were bled and the serum analyzed 
for growth hormone using the Nichols GH Kit. 
A. Two mice were injected with 20 of pX6B5 gene 
complejced with 60 |,g/ml of Upofectln In 5% sucrose, one 
al Of this solution was Injected into the liver and the 
ventral and dorsal abdominal muscles were injected with 0.1 
«1 in 7 Sites two times. Two days later, the animals we^ 
bled. The serum of one animal remained at background 
level, while that of the other contained 0.75 ng/ ml growth 
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hoxBQne. 

B. Three nice vere injected vith O.l ai ©f l ag/mi ©f 
PXGHS in 5% sueiTOBe, 2x in the quadriceps, Ix in the 
hamstring nuscle, ix in pectoralis auscle, and ix in 
5 trapezoid muscles on two separate days. The results vere 
as follows: 



10 



15 



20 



25 



30 



Aninal Ho. G rowth Hormone (ng/nl) < Day .1 Day 2 

I 0.6 0.6 

» \ . 0.95 0.8 
Badcground: 0.5 ng/al 



EXAMPLE 19: AHTIBODY PRODDCTIOH IH MICE DIRECTLY INJECTED 
WITH A GENE FOR AN IMMUNIZING PEPTIDE 



Mice were injected with a quantity of 20 pg ©f a 
plasnid construct consisting of the gp-120 gene, driven by 
a cytomegalovirus (CM7) prompter. The DNA was injected 
into the quadriceps muscle of mice according to the methods 
described in Exaa^le 11. Mouse 5 (Figure 5A) was injected 
in the quadriceps muscle with 20 |ig of plasmid DNA in 
isotcmic sucrose. Mouse 2 (Figure 5B) was injected with 
sucrose ebltttion alone. Blood samples were obtained prior 
to the injection (Day 0) at the times indicated on Figure 
5, up to more than 40 days post Injection. The serum from 
each saaiple was serially diluted and assayed in a standard 
EUSA technique assay for the detection of antibody, using 
recoirtbinant gp-l20 protein made in yeast as the antigen. 
Both IgG and igH antibodies were detected as indicated in 
Figure 5. The study indicates that the gene retains its 
35 signal sequence, and the protein is efficiently excreted 
from cells. 

EXAMPLE 20: ANTIBODY PRODOCTIOH IN MICE INJECTED WITH 
CELLS TRANSFECTED WITH A GENE FOR AN 
ZMMDNIZING PEPTIDE 



The cell line BALB/C 01. 7 (TIB 80) was obtained from 
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the Jtoeripan Type Tissue Culture Collection. These cells 
yere transfected vlth the gp.120 gene construct described 
In Bceaple 19. To 0.75 «1 pptlMEM- (Gibco. inc.) were 
added 6.1 Of WX. Tt.. quantity of 30 pg of cationic 
5 liposomes (containing Dona and cSholesterol in a 70-30 
»olar ratio) were added to another 0.75 »1 OptlMEK". ihe 
»ixtures were co»ibined and 1.5 .1 of pptlMEM- containing 
20% (v/y) fetal bovine calf .eru. was added. This solution 
was poured into a 60 » plastic petri dish containing 80% 
10 confluent cells (approxiaately one ailUon total cells per 
plate). At 3.2 hours after lippfectlon, the cells were 
detached fro» the plate with trypsin and EDTA treatment 
washed with pptlMEir and resuspended in O.l ai OptlMBT 
with 10% fetal calf serum, -ttese cells were injected (IP) 
15 into mice. Mouse 12 (Figure 6A) was injected with the 
transfected cells. Mouse li (Figure 6A) received an 
identical number of untransfected cells. Blood samples 
were obtained prior to the injection (Day o) and at the 
times indicated in Figure 6. The serum ..„pies were 
20 processed as in the preceding example. Both IgC and igM 
antibodies were detected as indicated in Figure 6. 

TWO different im templates were constructed, both of 
which code for the synthesis of rka that express the b 
coll /,-gaiactosldase reported gene. a Lac-Z gene that 

30 contains the Kbzak consensus sequence was inserted in place 
Of the ludferase coding sequences of the p/»cluc^ga„ 
template to generate the p/lGLac2/JGA„ template. The 
pEMCLacZ/JGA„ template was made by replacing the 5' ^-globin 
untranslated sequences of p/JGLac2^CA„ with the 588 bp 

35 EcoRl/Hcol fragment from the encephalomyocarditi. virus 
(EMCV) (PE5LVP0 in parks, G. et al., iE.Jiralsay 60:376-384 
(1986). These EMC 5' untranslated sequences had previously 
been shoWn to be Able to initiate efficient translation in 
vitro in reticulocytes lysates. He demonstrated that these 
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segaences can also diract afficiant tranalaticm vhen 
transfactad Into £ibrc>blasts in qaltura. Tha paxcantaga of 
blua calls was slightly graatar in calls transfactad with 
tha unc&ppad mOAcZfiGkn than in calls transfactad with 
5 tha cappad pEKCLacZ^GAn »»• Transfaction with either 
uncappad or cappad pEKCLacZ^GAn TO yialdad a greater 
number of positive ^-galaetosidasa cells than transfaction 
with capped ^GLacZ^Gta SHA. It has recently been shown 
that this EMC 5' untranslated sequence, as a component of 
vaccinia-T7 polynerase vectors, can increase translation of 
an uncapped vSBSk 4 to 7-fpld (Elroy-stein, o. et al., Proe. 
Watl, Agfffl. ggj, PSft 86:6126-6130 (1989). These EMC 
sequence thus have the abUity to direct efficient 
translation fron uhcapp^ nessengers. 



10 



15 



20 



^^^2: T7 POLYMERASE TRAHSCRIPTIOH IH raAHSFECTED CELL 



An SV40-T7 polymerase plasaid containing T7 polymerase 
protein expressed off the 8V40 promoter (Dunn, j. et al., 
SSL& 68: 259 (1988)) was co-lipofected with the 
pEMCLacZ^GAn teaiplate SNA into 3T3 fibroblasts in culture 
to demonstrate that T7 polymerase transcription can occur 
25 via plasmids. Two different 8V40-T7 polymerase expression 
vectors were. used: 

(a) pSV-61-A: PAR3126-SV40 pronotor driving expression of 
T7 polymerase protein which is directed to toe^^ejlara. 

30 (b) psVMtJ-Gi-A: PAR3132-SV40 promoter driving expression of 
T7 polymerase protein whicdi is directed to the^t^laS. 
Each of these two plasmids ware co-lipofected with 
pEHCLacZ^GAn at 1:3 and 3:1 ratios into a 60 mm plates of 
3T3 cells. The number of blue ^-galactosidase cells were 

35 counted and scored as indicated below. 



40 
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AGLacZ^GAn 



EMCLacZ^GAn 



10 



Ratio: template/ 
polyinerase vector 

3:1 
1:3 

3:1 
1:3 



Co-Lipotectant: 
PSV-CI-A pSVllU-61-A 



0 
0 

74 
45 



1 
1 

70 
15 



15 



20 



25 



30 



35 



40 



45 



50 



«^.K "^"^ injected 

with the /»gLuc/»gA„ »RNA cemtaintng the 5' cap and prepared 
according to Exaapie 13. In the adult alee. Injections 
were from a stock solution of ttRNA at 3.6 ^g//.! In 20% 
sucrose; injection volumes were 5 ,.1, 2 Injections into 
each Of the bilateral parietal cortex, 4 injections per 
n^^in 'i"'**-'^" " ^ post injection, 

llTJ^l T " ^""^ ^' bomogenate, 

disrupted in a Parr bomb, and 87.5 pi was taken for assay. 
The results are as follows: 



Treatment 



Animal Z.D. 




The newborn mouse was injected with 1 iil ^oLuc^oa 
(3.6 pg/pi, 20% sucrose) into the bilat«?al fS?h^«4« . a 
tissues were similarly processed and liSi^ed. 



Treatment 



Animal I.D. 




A plasaid containing the dystrophin gene under control 
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of tha Rous- Sarcoma virus proaoter vas prepared fron the 
Xp21 plasBid containing the coaplete dystrophin coding 
region and the SV40 poly. A segment, vhitih vas cloned by 
Xuhkel and colleagues. (Brumeister M., Monaco AP, Gillard 
5 EP, van Oomeh GJ, Affara NA, Ferguson-Smith HA, Kunkel I«, 
Lehrach H. A 10-megabase {thysical map of human 3cp2l,' 
including the Duchenne muscular dystrophy gene. Genomics 
1988 ^r 2 (3):l89-202y Hofffean, BP and Kunkel, IX 
Dystrophin abnormalities of Dutibenne's/Becher Muscular 
10 pystropihy. Neuron Vol. 2, 1019-1029 (1989) i KOenig M., 
Monaco AP, Kunkel IM. The coBiplete sequence of dystrophto 
predicts a rod-shaped cito-skeletal protein. Cell 1988 
Apr 22, 53 (2): 219-26) 200 ug of the plasmid in 100 ul of 
phosphate buff ered saline vas Injected into the quadriceps 
15 the mutant mouse strain lacking the dystrophin gene product 
(MDX mouse; Jackscm labs). Expression of functional 
dystrophin vas monitored 7 days post injection by immuno- 
histodhemistry according to the procedures described liy 
watkins et al. and using the same anti-dystrophin antibody 
(anti-60 kd antibody vith a fluorescent secondary antibody) 
obtained from nankel. Functional expression of the 
dystrophin gene product in the dystrophic mice vas detected 
by coaqparing the pattern of fluorescence Observed in cross- 
sectiohs Of quadriceps miscle from injected animals, vith 
25 the fluorescence pattern observed in normal animals. 
(Watkins s.C, Hofftnan E.P., Slayter H.S., Kinkel L.M., 
Innunoelectron microscopic localization of dystrophin in 
nyofibres. Nature 1988, Jtin 30; 333 (6176:863-6). Normal 
dystrophin expression is localized underneath the plasma 
nembrane of the muscle fiber, so that a cross section of 
the quadriceps muscle give a fluorescence pattern 
encircling the cell. In addition dystrophin expression vas 
quantitated by Western blot analysis using the affinity 
purified anti-60kd antibody. 



20 



30 



10 
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BttKKjE 25: ADKIHSTRATIOH OF TOE CORRECTIHC IWSTROPHIH GENE 
MgECTLY l^TO TOE KOSCUt OP PATIENTS WITH DDCHENOT'S 
MDSCUIAR DYSTROPHY. wwwuunHfi & 

5 Patients with suscular dystroiOiy are given multiple 

200 ug Injectione o£ plasaid containing the functional 
dystrophin gene (see previous exaaple) in lOO ul of 
phosphate buffered salins. Hhile under light anesthesia 
the patients are injected at 5 ca intervals into the entire 
skeletal auscle aass directly through the slcin without 
surgery. Patient recovery evaluated by monitoring twitch 
tension and maxiatm voluntary contraction. in addition, 
biopsies of 300-500 nuscle cells from an injected area are 
taken for histological examination, observing muscle 
15 structiire and biochemical analysis of the presence of 
dystrophin, whidh is absent in patioits with Dudhenne's 
muscular dystrophy. Respiratory muscles, including the 
intercostal muscles which move the rib cage and the 
diaphragm, are particularly important impaired muscle 
20 groups in patients with muscular dystrophy. The 
intercostals can be reached by injection through the skin 
as can the other skeletal muscle groiqps. The diai>hragm can 
accessed by a surgical procedure to expose the muscle to 
direct injection of plasmid DNA. 
25 There will be various modifications, improvements, and 

applications of the disclosed invention that will be 
apparent to those of skUl in the art, and the present 
application is intended to cover such embodiments. 
Although the present invention has been described in the 
context of certain preferred embodiments, it is intended 
that the full scope of these be measured by reference to 
the scope of the following claims. 
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WHAT TS cmm 

1* A phaxmaceutioal product, comprising: 
5 naked polynuclttotids, qparatively coding for a 

biologically actlvo polypeptlda. In lAyslologlcally 
acceptable administrable ton, in a container f and 

a notice associated with said container In forai 
prescribed by a govemaental agency regulating the 
10 nanufacture, use, or sale of phaznaceutlcals, whicSh 

notice Is reflective of approval by said agency of 
said fom of said polynucleotide for hunan or 
veterinary adadnistration. 

2. A phaxnaceutical product, comprising: 

^5 nalced polynucleotide, operatlvely coding for a 

biologically active peptide, to solution in a 
physiologically acceptable Injectable carrier and 
suitable for Introduction Interstltlally into a tissue 
to cause cells of said tissue to express said 
20 polypeptide; 

a container enclosing said solution; and 
a notice associated with said container in form 
prescribed by a governmental agreney regulating the 
manufacture, use, or sale of pharmaceuticals, which 
notice is reflective of approval by said agency of 
manufacture, use, or sale of said solution of 
polynucleotide for human or veterinary administration. 

3. The product of Claim 2, wherein said peptide is 
immunogenic and administration of said solution to a human 

30 serves to vaccinate said human. 

4. The product of Claia 2, wherein said peptide is 
therapeutic and administration of said solution to a human 
in need of therapy relating to said polypeptide has a 
therapeutic effect. 

5. A pharmaceutical product, comprising: 

na]ced antlsense polynucleotide, in solution in a 
physiologically acceptable Injectable carrier and 
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suitable for Introduction interstitially into a tissue 
to cause cells of said tissue to take up said 
polynucleotide and provide a therapeutic ef fecti 
a container enclosing said solution; and 
5 a notice associated with said container in form 

prescribed by a govemmental agency regulating the 
manufacture, use, or sale of phamaceuticals, lAich 
notice is reflective of approval by said agency of 
manufacture, use, or sale of said solution of 
10 polynucleotide for human administration. 

«. A pharaaceutical product for treat&ent of 
muscular dystrophy, comprisings 

a sterile, phamaceutically acceptable carrier? 
a phamaceutically effective amount of a naked 
15 polynucleotide pperatively coding for dystrophin in 

said carrier; and 

a container enclosing said carrier ^d said 
polynucleotide in sterile fashion. 

7. The product of clai. 6, wherein said 

20 polynucleotide is I»1A. 

8. A pharmaceutical product for use in supplying a 
biologically active polypeptide to a vertebrate, 
comprising: 

a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for said 
polypeptide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

means associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue, 
irtxereby cells of said tissue can take up and express 
said polynucleotide. 

9. The product of Claim 8, wherein said container is 
35 a syringe. 

10. The product of Claim 8, i^erein the amount of 
said polynucleotide in said container is at least 5 



25 



30 



wo 90/1 1092 PCT/US90/01515 

-78- 

aicrograas. 

11. A phaxmaeeatical product for uso in laaunizing a 
vertebrate, ccmprisixigt 

a phamaceutically effective anount of a naked 
5 polynucleotide operatively coding for an inmunogenie 

polypeptide} 

a sealed container enclosing said polynucleotide 
in a sterile fashion i and 

Beans associated vith said container for 
10 pexnitting transfer of said polynucleotide from said 

container to the interstitial space of a tissue, 
whereby cells of said tissue ean take up and express 
said polynucleotide. 

12. The product of Claim 11, wherein said container 
15 is a syringe. 

13. The product of Claim 11, wherein the amount, of 
said polynucleotide in said container is at least 5 
micrograms. 

14. A pharmaceutical product, comprising: 

a pharmaceutically effective amount of nalced 
antisense polynucleotide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashioni and 

means associated with said container for 
25 permitting transfer of said polynucleotide from said 

container to the interstitial space of a Ussue, 
whereby cells of said tissue can take up said 
polynucleotide. 

15. Use of naked polynucleotide operatively coding 
30 for a physiologically active polypeptide in the preparation 

of a pharnttceutical for introduction interstitially into 
tissue to cause cells comprising said tissue to produce 
said polypeptide. 

16. Use according to Claim is, wherein said 
35 pharmaceutical is for introduction into muscle tissue 

whereby muscle cells produce said polypeptide. 
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17. Use according to Clala 15. i*her«ln said peptide 
is dystrophin and said phamaceutical is for treatment of 
Buscular dystrophy. 

18. Use of naked antisense polynucleotide in the 
5 preparation of a pharmaceutical for introduction 

interstitially into tissue of a vertebrate to inhibit 
translation of coaipliaentary polynucleotide in cells of 
said vertebrate. 

19. A method for delivering a pharmaceutical or 
10 immunogenic polypeptide to the interior of a cell of a 

vertebrate in vivo, convrising the step ofi 

introducing a preparation coinprising a 
pharmaceutically acceptable injectable carrier 
and a naked polynucleotide operatively coding for 
polypeptide into the interstitial space of a 
tissue coiDprising said cell, whereby said naked 
polynucleotide is taken up into the interior of 
said cell and has an immunogenic or 
pharmacological effect on said vertebrate. 
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FIG. 2A FIG. 2D 




FIG. 2B FIG. 2E 




FIG. 2C 



FIG. 2F 
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